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Penems,  pharmaceutical  compositions  containing  them,  process  for  preparing  them. 

Compounds  having  the  formula  I 

in  which  R  is  hydroxyloweralkyl,  and 

X is (i) (a) or 

in  which  n  is  0  to  4, 

Qis in  which  R1  and  R2  are  independently 

chosen  from  hydrogen,  loweralkyl,  and  various  other  gorups, 
W  is  chosen  from  hydrogen,  loweralkyl  and  amino;  and  Z 

is  chosen  from  hydrogen,  4-imidazolyl,  and  various  other 
groups; 
or X is 

in  which  p  is  2  to  6, 
r is 0, 1, 2, or 3, 
R3  is  hydrogen,  loweralkyl,  amidino  or 
in  which  R4  is  hydrogen  or  C1-C3  alkyl,  and  G  is  hydrogen,  low- 
eralkyl,  loweralkoxy,  amino,  hydroxy,  carboxy  or  loweralkylthio; 
and  the  pharmaceutically  acceptable  salts  and  metabolisable 
esters  thereof. 

The  compounds  have  anti-bacterial  activity. 



This  i n v e n t i o n   r e l a t e s   to  c h e m i c a l   compounds  of  the   k i n d  

known  as  penems,   in  p a r t i c u l a r   6 - s u b s t i t u t e d - 2 - s u b s t i -  

t u t e d   penems,   to  p r o c e s s e s   for   t h e i r   p r e p a r a t i o n ,   a n d  

p h a r m a c e u t i c a l   c o m p o s i t i o n s   c o n t a i n . i n g   t h e m .  

Some  penem  compounds  are  known,  for  example   from  E u r o -  

pean  P a t e n t   S p e c i f i c a t i o n s   p u b l i c a t i o n   Nos.  0  003960  and 
0  013662  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   novel   penem  c o m p o u n d s  
h a v i n g   the  g e n e r a l   f o r m u l a  

w h e r e i n   R  is  h y d r o x y - l o w e r a l k y l ,  



and  X  i s  

o r  

in  which  n  is  0  to  4;  

Q  is  -NR1R2  o r  

in  which  R1and  R2  are  i n d e p e n d a n t l y   chosen  from  h y d r o -  

gen,   l o w e r a l k y l ,   l o w e r a l k e n y l ,   h e t e r o a r y l ,   p h e n y l ,  
p h e n y l   s u b s t i t u t e d   by  one  or  more  g roups   chosen  f r o m  

c h l o r o , b r o m o ,   f l u o r o ,   l o w e r a l k y l ,   h y d r o x y ,   n i t r o ,   a m i n o ,  
a m i n o m e t h y l ,   m o n o - l o w e r a l k y l a m i n o ,   d i - l o w e r a l k y l a m i n o ,  

l o w e r a l k o x y   and  c a r b o x y , o r   R1  is  hyd rogen   and  R2  i s  

a c y l ;   W  is  chosen   from  h y d r o g e n ,   loweralkyl   or  a m i n o ;  
and  Z  is  h y d r o g e n ,   4 - i m i d a z o l y l ,   3 - i n d o l y l ,   p h e n y l ,  
p - h y d r o x y p h e n y l ,   b r a n c h e d   lower   a l k y l ,   -COOR1,  -OR1, 

-NR1R2  or  -SR1  w h e r e i n   R1  and  R2  are   as  d e f i n e d   above;   o r  

w h e r e i n   p  is  2  to  6 ,  

r  is  0 , 1 , 2   or  3 ,  



R3 is  hyd rogen ,   l o w e r a l k y l ,   o r  

in  which  R4  is  h y d r o g e n   or  C1-C3  a l k y l ;   and  G  is  h y d r o -  

gen,   l o w e r a l k y l ,   lowera lkoxy ,_   amino,  h y d r o x y ,   c a r b o x y  

or  l o w e r a l k y l t h i o ,  

and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  m e t a -  
b o l i s a b l e   e s t e r s   t h e r e o f .  

P r e f e r r e d   compounds  having  the  p a r t   s t r u c t u r e   ( i ) ( a )  
above  are  t hose   h a v i n g   the  f o r m u l a   I I  

w h e r e  n   and  Q  are  as  d e f i n e d   above,   and  the  p h a r m a c e u -  
t i c a l l y   a c c e p t a b l e   s a l t s   and  e s t e r s   t h e r e o f .   The  more  

p r e f e r r e d   of  t h e s e   compounds  are  t hose   hav ing   t h e  

f o r m u l a   I I a  



and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  e s t e r s  
t h e r e o f .   Also  p r e f e r r e d   as  c a t e g o r y   ( i ) ( a )   compounds  
are  t h o s e   of  f o r m u l a   II  in  w h i c h  n   i s  2 ,  e s p e c i a l l y  
h a v i n g   a  3 ' - a m i n o - 3 ' - c a r b o x y p r o p y l   group  as  the  2 - s u b -  
s t i t u e n t .  

The  p r e f e r r e d   compounds  h a v i n g   the  p a r t   s t r u c t u r e  
( i ) ( b )   are   t h o s e   r e p r e s e n t e d   by  f o r m u l a   I I I  

in  which  n  is  as  d e f i n e d   above,   and  Z  is  chosen   f r o m  

h y d r o g e n ,   c a r b o x y ,   h y d r o x y ,   l o w e r a l k y l t h i o   or  a m i n o ,  
and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  e s t e r s  
t h e r e o f .  

More  p r e f e r r e d   compounds  of  p a r t   s t r u c t u r e   (i)  (b)  a r e  
t h o s e   of  f o r m u l a   I I I '  



in  which   n  and  Z  are  as  d e f i n e d   a b o v e .  

A  p a r t i c u l a r l y   p r e f e r r e d   group  of  compounds  of  f o r m u l a  
1  (i)  (b)  ( e s p e c i a l l y   i n c l u d i n g   compounds  of  f o r m u l a e  

I I I   and  I I I ' ) a r e   t h o s e   in  which   n  is  1  and   Z  is  l o w e r  

a l k y l t h i o   or  c a r b o x y .  

P r e f e r r e d   compounds  of  c a t e g o r y   ( i i )   are  t h o s e   w h e r e -  

in  (r  +  p)  equa l s   4.  Also  p r e f e r r e d   are  t hose   w h e r e i n  

G  is  h y d r o g e n   or  m e t h y l .   H igh ly   p r e f e r r e d   c o m p o u n d s  
of  t h i s   c a t e g o r y   are  t h o s e   in  which  (r  +  p)  e q u a l s   4 

and  G  is  hyd rogen   or  m e t h y l .  

The  lower   a l k y l   g roups   r e f e r r e d   to  above  c o n t a i n   1  t o  

6  c a r b o n   atoms  and  i n c l u d e   m e t h y l ,   e t h y l ,   p r o p y l ,  

b u t y l ,   p e n t y l ,   hexyl   and  the  c o r r e s p o n d i n g   b r a n c h e d  
c h a i n   i s o m e r s   t h e r e o f .  



The  lower   a l k e n y l   g roups   r e f e r r e d   to  above  c o n t a i n  

2  to  6,  and  p r e f e r r a b l y   2  to  4,  c a rbon   a toms ,   and  a r e ,  
for   e x a m p l e ,   v i n y l ,   a l l y l ,   b u t - 2 - e n y l   or  b u t - 3 - e n y l  

g r o u p s .  

The  lower   a l k o x y   g roups   r e f e r r e d   to  above  c o n t a i n  

1  to  6,  and  p r e f e r a b l y   1  to  3,  ca rbon   atoms  and  a r e  
i l l u s t r a t e d   by  methoxy,   e t h o x y ,   n - p r o p o x y ,   i s o p r o p o x y  
and  the  l i k e .  

The  term  " h e t e r o a r y l "   as  used  h e r e i n   r e f e r s   to  a  h e t e -  

r o c y c l i c   g roup  of  a r o m a t i c   c h a r a c t e r   which  c o n t a i n s  
5  to  7  r i n g   atoms  of  which  3  to  6  are  c a rbon   atoms  a n d  
the  r e m a i n i n g   r i n g   atoms  are  n i t r o g e n ,   s u l f u r   or  o x y g e n  
a toms.   T y p i c a l   h e t e r o a r y l   g roups   are  t h o s e   such  a s  
p y r i d y l ,   fo r   example ,   p y r i d - 2 - y l ,   p y r i d - 3 - y l   or  p y r i d -  
4 - y l ,   t h i e n y l ,   for   example ,   t h i e n - 2 - y l ,   or  f u r y l ,   f o r  

e x a m p l e ,   f u r - 2 - y l .  

The  acy l   g r o u p s   r e f e r r e d   to  above  c o n t a i n   2  to  18 
ca rbon   atoms  and  are  the  r e s i d u e   of  a  s u l f o n i c   ac id   o r  
a  c a r b o x y l i c   a c i d ,   such  as  a c e t y l ,   p r o p i o n y l ,   v a l e r y l  
and  b u t y r y l .  

The  compounds  of  the  p r e s e n t   i n v e n t i o n   p o s s e s s   at  l e a s t  

t w o  a s y m e t r i c   c a r b o n   atoms  or  c h i r a l   c e n t r e s ,   i n d i c a t e d  

in  the  p a r t i a l   f o r m u l a   below  at  the  5  and  6 - p o s i t i o n  
ca rbon   a t o m s .  



The  c o n f i g u r a t i o n   at  the  5  p o s i t i o n   is  R.  The  o v e r a l l  

c o n f i g u r a t i o n s   at  t h e s e   c e n t e r s   may  thus   be  5R,6R,  a n d  

5R,6S.   T h e  p r e f e r r e d  c o n f i g u r a t i o n  i s   5R,  6S.. 

A d d i t i o n a l l y   t h e r e   may  be  an  a s y m e t r i c   c a r b o n   atom  o r  
c h i r a l   c e n t r e   in  the  h y d r o x y l o w e r a l k y l   group "R",  in  w h i c h  

case   such  c e n t r e   p r e f e r a b l y   has  the  R  c o n f i g u r a t i o n .   As 
1 - h y d r o x y e t h y l   is  the  p r e f e r r e d " R " g r o u p ,   the  p r e f e r r e d  

c o n f i g u r a t i o n   at  the  t h r e e   c e n t r e s   d i s c u s s e d   above  w i l l  
be  5 R , 6 S , 8 R .  

The  compounds  of  c a t e r o g y   ( i ) ( a )   and  ( i ) ( b )   p o s s e s s   a t  

l e a s t   3  a s y m e t r i c   ca rbon   a toms ,   i . e .   wi th   one,  i n  
a d d i t i o n   to  t hose   shown  above ,   in  the  s i d e   cha in   t o  
which  the  n i t r o g e n   atom  of  g roup  Q  is  a t t a c h e d .   The 

p r e f e r r e d   s t e r e o c h e m i s t r y   fo r   t h i s   c a r b o n   atom  in  t h e  

c a t e g o r y   ( i ) ( a )   compounds  is  R  when n   is  1  to  4  a n d  

S  when  n  is  0.  However  the  use  of  the  d i a s t e r e o m e r i c  

form  a t   t he   amino  a c i d   c a r b o n   is  a l s o   c o n t e m p l a t e d   a n d  

thus  t he   p r e s e n t   i n v e n t i o n   i n c l u d e s   b o t h   the   d i a -  

s t e r e o m e r i c   m i x t u r e   (at   the   amino  a c i d   c a r b o n )   as  w e l l  

as  t he   i n d i v i d u a l   d i a s t e r e o i s o m e r .  



The  s t e r e o c h e m i s t r y   of  the  c o r r e s p o n d i n g   c a r b o n   a t o m  

in  the   c a t e g o r y   (i)  (b)  compounds ,   namely   t he   1 '  

p o s i t i o n   c a r b o n   a tom  is  R,  as  shown  in  t he   d r a w i n g  

of  the   2 - s i d e   c h a i n ,   and  the  p r e s e n t   i n v e n t i o n   c o n -  

t e m p l a t e s   no t   o n l y   t he   pure   i somer   ( t h a t   is   the   d e -  

s i g n a t e d   i s o m e r   in  t he   a b s e n c e   of  o t h e r   i s o m e r s   of  t h e  

same  c o m p o u n d ) b u t   m i x t u r e s   of  the   d e s i g n a t e d   i s o m e r  

w i t h   o t h e r   s t e r e o i s o m e r s   of  t he   same  c o m p o u n d .  

In  t he   c a t e g o r y   ( i i )   compounds ,   d e p e n d i n g   upon  t h e  

p a r t i c u l a r   v a l u e s   fo r   p,  r  a n d   G,  one  or  m o r e  

a s y m e t r i c   c a r b o n   atoms  may  e x i s t   in  the   r i n g   s u b s t i -  

t u e n t   a t t a c h e d   to  the   2 - p o s i t i o n .   The  p r e s e n t   i n v e n -  

t i o n   c o n t e m p l a t e s   i n d i v i d u a l   i s o m e r s   as  w e l l   as  e n a n -  
t i o m e r i c a n d   d i a s t e r e o m e r i c   m i x t u r e s   of  t h e s e   c o m p o u n d s .  

P h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n   i n c l u d e   s a l t s   formed  from  o r g a n i c   o r  

i n o r g a n i c   b a s e s ,   as  w e l l   as  a c i d   a d d i t i o n   s a l t s   a n d  

i n t e r n a l   s a l t s   i . e .   z w i t t e r i o n s .  

S u i t a b l e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   i n c l u d e  

the   a l k a l i   m e t a l ,   a l k a l i n e   e a r t h   m e t a l ,   amine  a n d  

a c i d   a d d i t i o n   s a l t s ,   f o r   example   sod ium,   p o t a s s i u m ,  

a l u m i n i u m ,   m a g n e s i u m   and  c a l c i u m   s a l t s ,   and  a m i n e  
s a l t s   wh ich   may  be  f o r m e d  f r o m   a  wide  v a r i e t y   o f  

s u i t a b l e   o r g a n i c   a m i n e s ,   such  as  a l i p h a t i c ,   or  a l i -  

p h a t i c   p r i m a r y ,   s e c o n d a r y   or  t e r t i a r y   mono- ,   d i -  

or  p o l y a m i n e s ,   or  h e t e r o c y c l i c   b a s e s ,   f o r   e x a m p l e  
from  t r i e t h y l a m i n e ,   2 - h y d r o x y e t h y l a m i n e ,   d i - ( 2 -  



h y d r o x y e t h y l ) a m i n e ,   t r i - ( 2 - h y d r o x y e t h y l ) a m i n e ,   4 -  

a m i n o b e n z o i c   ac id   2 - d i e t h y l a m i n o e t h y l   e s t e r ,   1 - e t h y l -  

p i p e r i d i n e ,   b i c y c l o h e x y l a m i n e ,   N , N ' - d i b e n z y l e t h y l e n e -  

d i a m i n e ,   p y r i d i n e ,   c o l l i d i n e ,   q u i n o l i n e ,   p r o c a i n e ,  

d i b e n z y l a m i n e ,   1 - e p h e n a m i n e   and  N - a l k y l p i p e r i d i n e .  

T y p i c a l   a c i d   a d d i t i o n   s a l t s   are  t h o s e   formed  w i t h  
m i n e r a l   a c i d s   such  as  h y d r o c h l o r i c ,   h y d r o b r o m i c ,  

h y d r o i o d i c ,   p h o s p h o r i c   and  s u l f u r i c   or  with  s u i t a b l e  

c a r b o x y l i c   a c i d s   or  s u l f o n i c   a c i d s   such  as  t r i f l u o r o -  

a c e t i c ,   p - t o l u e n e s u l f o n i c ,   m a l e i c ,   a c e t i c ,   c i t r i c ,  

o x a l i c ,   s u c c i n i c ,   b e n z o i c ,   t a r t a r i c ,   f u m a r i c ,   m a n d e l i c ,  

a s c o r b i c ,   l a c t o b i o n i c   and  m a l i c .  

The  m e t a b o l i z a b l e   e s t e r s   are  the  p h y s i o l o g i c a l l y  

c l e a v a b l e   e s t e r s ,   i . e . ,   t h o s e   e s t e r s   known  in  t h e  

p e n i c i l l i n ,   c e p h a l o s p o r i n   and  penem  a r t s   to  be  e a s i l y  
c l e a v e d   w i t h i n   the  body  to  the  p a r e n t   a c i d .   E x a m p l e s  

of  such  m e t a b o l i z a b l e   e s t e r s   are  t h o s e   such  as  i n d a n y l ,  

p h t h a l i d y l ,   m e t h o x y m e t h y l ,   g l y c y l o x y m e t h y l ,   p h e n y l -  

g l y c y l o x y m e t h y l ,   t h i e n y l g l y c y l o x y m e t h y l   or  a c y l o x y -  

methyl   of  the  f o r m u l a  

w h e r e i n   Y'  is  lower  a l k y l   or  p h e n y l .   P a r t i c u l a r l y   p r e -  
f e r r e d   m e t a b o l i z a b l e   esters  are  m e t h o x y m e t h y l ,   a c e t o x y -  

m e t h y l ,   p i v a l o y l o x y m e t h y l ,   p h t h a l i d y l   and  i n d a n y l .  

P r e p a r a t i o n   of  t h e s e   s a l t s   and  m e t a b o l i z a b l e   e s t e r s  

may  be  c a r r i e d   out  a c c o r d i n g   to  c o n v e n t i o n a l   p r o c e d u r e s  



for   f o rming   s a l t s   and  e s t e r s   of  b e t a - l a c t a m   a n t i b i o t i c s  

such  as  p e n i c i l l i n s   and  c e p h a l o s p o r i n s .  

R e p r e s e n t a t i v e   examples   of  compounds  of  t h i s   i n v e n t i o n  

i n c l u d e   the  f o l l o w i n g :  

1)  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) -  2 - ( 1 ' - a m i n o -  

e t h y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

2)  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -   [ ( 1 ' - a m i n o -  
3 ' - c a r b o x y ) - p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

3)  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o -  
3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

4)  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o -  
2 ' - m e t h y l t h i o ) e t h y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

5)  ( 5 R , 6 S , 8 R , 1 ' R )   - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ 1 ' , 5 ' -  
d i a n i n o p e n t y l ) ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

6)  sodium  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -  
[ ( 1 ' - a c e t i m i d o y l - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m -  

3 - c a r b o x y l a t e   or  the  f r e e   a c i d ,  

7)  sodium  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -  
[ ( 1 ' - g u a n i d o y l - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 -  

c a r b o x y l a t e   or  the  f r e e   a c i d ,  

8)  ( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - a m i n o -  

2 ' - c a r b o x y e t h y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

9)  ( 5 R , 6 S , 8 R , 4 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' a m i n o -  



4 ' - c a r b o x y ) - b u t y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

10)  ( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' - p i p e r i d i n y l )  

- 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

11)  ( 5 R , 6 S , 8 R , 3 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - p i p e r i -  

d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

12)  ( 5 R , 6 S , 8 R , 2 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p i p e r -  
i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

13)  ( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p y r r o l -  

i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

14)  ( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a c e t i m i d o y l -  

4 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

15)  ( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a m i d i n o - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   a n d  
m e t a b o l i s a b l e   e s t e r s   of  the  f o r e g o i n g   f r e e   a c i d s .  

The  compounds   of  t h i s   i n v e n t i o n   p o s s e s s   a n t i b a c t e r i a l  

a c t i v i t y   wh ich   may  be  d e t e r m i n e d   by  t e s t i n g   in  s t a n d a r -  
d i z e d  i n   v i t r o   d i l u t i o n   t e s t s   fo r   minimum  i n h i b i t o r y  
c o n c e n t r a t i o n s   (MICs).   Using  such  s t a n d a r d   m i c r o b i o -  
l o g i c a l   p r o c e d u r e s ,   the   compounds  of  t h i s   i n v e n t i o n   a r e  
found  t o  . e x h i b i t   a c t i v i t y   a g a i n s t   g r a m - p o s i t i v e   a n d  
g r a m - n e g a t i v e   b a c t e r i a   such  a s  S t a p h y l o c o c c u s  a u r e u s ,  
E s c h e r i c h i a   c o l i   and  P seudomonas   a e r u g i n o s a   at   t e s t  



l e v e l s   of  0.1  to  100  mcg/ml.   A d d i t i o n a l l y ,   they  show 

a c t i v i t y   a g a i n s t   such  o r g a n i s m s   in  the  p r e s e n c e   of  p e n i -  

c i l l i n a s e   and  c e p h a l o s p o r i n a s e ,   i n d i c a t i n g   a  r e s i s t a n c e  

to  t h e s e   e n z y m e s .  

As  a n t i b a c t e r i a l   a g e n t s ,   the  compounds  of  the  p r e s e n t  

i n v e n t i o n   can  be  f o r m u l a t e d   in  c o n v e n t i o n a l   manner  f o r  

o r a l ,   p a r e n t e r a l   and  t o p i c a l   use.   Thus  the  i n s t a n t  

invention  includes  within  its  scope  pharmaceutical  composit ions 

comprising  the  novel  compounds  of  the  invention  in  admixture  with  a 

pharmaceutically  acceptable  ca r r ie r   or  excipient  t h e r e f o r .  

The  d o s a g e   a d m i n i s t e r e d   of  the  penems  of  t h i s  

i n v e n t i o n   is  d e p e n d e n t   upon  a  v a r i e t y   of  f a c t o r s ,   i . e . ,  

t h e   age  and  w e i g h t   of  t he   i n d i v i d u a l   be ing   t r e a t e d ,   t h e  

mode  of  a d m i n i s t r a t i o n ,   and  the  type  and  s e v e r i t y   of  t h e  

b a c t e r i a l   i n f e c t i o n   b e i n g   p r e v e n t e d   or  r e d u c e d . T y p i c a l l y   t h e  
d o s a g e   a d m i n i s t e r e d   pe r   day  is  1  to  250mg/kg  and  p r e f e r a b l y  
f r o m  a b o u t   5  to  20  mg/kg  in  d i v i d e d   d o s a g e s .   T y p i c a l l y ,  
t h e   d o s a g e   w i l l   be  a d m i n i s t e r e d   in  d o s a g e   u n i t s   c o n t a i n i n g  
c o n v e n i e n t   a m o u n t s ,   f o r   e x a m p l e ,   125,  250  or  500  mg  o f  

a c t i v e   i n g r e d i e n t   c o m b i n e d   wi th   a  s u i t a b l e   p h y s i o l o g i c a l l y  

a c c e p t a b l e   c a r r i e r   or  d i l u e n t .  

For  o r a l   a d m i n i s t r a t i o n ,   the  compounds   of  t h i s  

i n v e n t i o n   a r e   t y p i c a l l y   f o r m u l a t e d   as  t a b l e t s ,   c a p s u l e s   o r  
e l i x i r s .   For  p a r e n t e r a l   a d m i n i s t r a t i o n   t h e y   may  be  f o r m u l -  

a t e d   i n t o   s o l u t i o n s   or  s u s p e n s i o n s .   T y p i c a l   t o p i c a l   f o r m -  
u l a t i o n s   a re   l o t i o n s ,   c r e a m s ,   o i n t m e n t s ,   s p r a y s ,   a n d  
m e c h a n i c a l   d e l i v e r y   s y s t e m s ,   e . g .   t r a n s d e r m a l .  



Typical  pharmaceutically  acceptable  carr iers   for  use  in  the  formula- 

t i o n s   d e s c r i b e d   above  are  e x e m p l i f e d   by:  s u g a r s   such  as  

l a c t o s e ,   s u c r o s e ,   m a n n i t o l   and  s o r b i t o l ;   s t a r c h e s   such  as  

corn  s t a r c h ,   t a p i o c a   s t a r c h   and  p o t a t o   s t a r c h ;   c e l l u l o s e  

and  d e r i v a t i v e s   such  as  sodium  c a r b o x y - m e t h y l   c e l l u l o s e ,  

e thyl   c e l l u l o s e ,   and  methyl  c e l l u l o s e ;   c a l c i u m   p h o s p h a t e s  

such  as  d i c a l c i u m   p h o s p h a t e   and  t r i - c a l c i u m   p h o s p h a t e s ;  

sodium  s u l f a t e ;   c a l c i u m   s u l f a t e ;   p o l y v i n y l   p y r r o l i d o n e ;  

p o l y v i n y l   a l c o h o l ;   s t e a r i c   ac id ;   a l k a l i n e   e a r t h   m e t a l  

s t e a r a t e s   such  as  magnesium  s t e a r a t e ;   s t e a r i c   a c i d ,   v e g e -  
t a b l e   o i l s   such  as  peanu t   o i l ,   c o t t o n s e e d   o i l ,   sesame  o i l ,  

o l i v e   oil  and  corn  o i l ;   n o n - i o n i c ,   c a t i o n i c   and  a n i o n i c  

s u r f a c t a n t s ;   e t h y l e n e   g lyco l   po lymers ;   b e t a - c y c l o d e x t r i n ;  

f a t t y   a l c o h o l s ;   h y d r o l y z e d   c e r e a l   s o l i d s ,   w a t e r ;   p o l y -  

a l k y l e n e   g l y c o l s ;   i s o p r o p a n o l ;   g e l a t i n ;   benzyl   a l c o h o l ;  

gums;  and  p e t r o l a t u m ;   as  well  as  o t h e r   n o n - t o x i c   compa-  
t i b l e   f i l l e r s ,   b i n d e r s ,   d i s i n t e g r a n t s   and  l u b r i c a n t s  

commonly  used  in  p h a r m a c e u t i c a l   f o r m u l a t i o n s .   O p t i o n a l l y ,  
the  c o m p o s i t i o n s   may  a l so   c o n t a i n   p r e s e r v a t i v e s ,   a e r o s o l  

p r o p e l l a n t s   such  as  h y d r o - c a r b o n s ;   and  c o l o u r i n g ,   t h i c k e n -  

ing ,   s u s p e n d i n g ,   d i s p e r s i n g ,   e m u l s i f y i n g ,   w e t t i n g ,   s t a b i l -  

i z ing   and  b u f f e r i n g   a g e n t s .   In  a d d i t i o n ,   t h e r e   may  a l s o  

be  i n c l u d e d   in  the  c o m p o s i t o n   o the r   a c t i v e   i n g r e d i e n t s   t o  

ex tend   the  spec t rum  of  a n t i b a c t e r i a l   a c t i v i t y   a n d / o r  

p r o v i d e   r e l i e f   of  c o n c o m m i t t a n t   symptoms  such  as  i n f l a m -  

m a t i o n .  

The  compounds  of  the  p r e s e n t   i n v e n t i o n   can  be  p r e p a r e d   by 

i n t r a m o l e c u l a r   c y c l i s a t i o n   of  a  compound  of  f o r m u l a   IV 



i n  w h i c h   R10  is  oxygen  or  s u l p h u r ,   R  is  as  d e f i n e d   a b o v e ,  

Pg  is  a  ca rboxy   p r o t e c t i n g   g roup ,   X'  r e p r e s e n t s  

in  which  R'1  and  R'2  r e p r e s e n t   r e s p e c t i v e l y   R  and  R2  a s  

d e f i n e d   above  excep t   t h a t   they  cannot   s i m u l t a n e o u s l y  

r e p r e s e n t   hydrogen  or  R'1  c o r r e s p o n d s   to  R1  as  d e f i n e d   above  

and  R'2  is  an  amino  p r o t e c t i n g   group,   Pg"'  is  a  c a r b o x y  

p r o t e c t i n g   group  and  any  f u n c t i o n a l   group  in  Z  is  p r o t e c -  

ted  if   n e c e s s a r y   or  d e s i r e d ;   o r  

in  which  R'3  is  l o w e r a l k y l   or  an  amino  p r o t e c t i n g   g r o u p  
and  any  f u n c t i o n a l   group  in  G  is  p r o t e c t e d   if   n e c e s s a r y  

or  d e s i r e d ,  

any  o t h e r   f u n c t i o n a l   groups   in  compound  IV  are  p r o t e c t e d  

i f   n e c e s s a r y   or  d e s i r e d   and  Y  is  a  phosphon io   group  b e i n g  

double   bonded  to  the  a d j a c e n t   ca rbon   atom  or  a  p h o s p h o n a t o  



group  with  a  single  bond  to  the  a d j a c e n t   ca rbon   atom  t h e  

n e g a t i v e   charge   of  which  is  c o m p e n s a t e d . b y   the  p r e s e n c e  

of  a  c a t i o n ,   f o l l o w e d   by  removal  of  any  p r o t e c t i n g   g r o u p s  
b e f o r e   or  a f t e r   any  n e c e s s a r y   or  d e s i r e d   s e p a r a t i o n   o f  

s t e r e o i s o m e r s   if  a  m i x t u r e   of  s t e r e o i s o m e r s   was  s u b j e c t e d  

to  c y c l i s a t i o n ,   and  if  n e c e s s a r y   or  d e s i r e d   s u b j e c t i n g  

the  r e s u l t i n g   compound  to  one  or  more  of  the  f o l l o w i n g  

o p e r a t i o n s :  

(i)   c o n v e r t i n g   a  f r e e   acid   group  to  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t   or  m e t a b o l i s a b l e   e s t e r   g r o u p ;  

( i i )   c o n v e r t i n g   a  s a l t   to  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e  
m e t a b o l i s a b l e   e s t e r   or  f r ee   a c i d ;  

( i i i )   i n t r o d u c i n g   the  g r o u p i n g  nto  an  a m i n e  

group  r e p r e s e n t e d   by  Q; 

( iv)   r e p l a c i n g   the  s u b s t i t u e n t   R'3, when  i t   r e p r e s e n t s  

h y d r o g e n , b y   amid ine   or  the  g r o u p i n g  

(.v)  s e p a r a t i o n   of  a - m i x t u r e   of  e n a n t i o m e r s .  

The  c y c l i s a t i o n   of  the  i n t e r m e d i a t e   of  f o r m u l a   IV  is  p r e -  

f e r a b l y   a c c o m p l i s h e d   by  d i s s o l v i n g   the  i n t e r m e d i a t e   in  a 

s u i t a b l e   o r g a n i c   s o l v e n t   such  as  benzene ,   t o l u e n e   o r  

xy lene   and  h e a t i n g   at  r e f l u x   t e m p e r a t u r e   for   24  to  48 

h o u r s .  



The  amino  group  r e p r e s e n t e d   by  Q  or  R3  may  be  c o n v e r t e d  

to  c o r r e s p o n d i n g   g u a n i d i n e   or  amidine   group  e .g .   w h e r e  

an  amino  group  Q  is  c o n v e r t e d   to  t h e  

group,   as  d e s c r i b e d   in  ICAAC  l l t h   I n t e r n a t i o n a l   C o n g r e s s  

of  C h e m o t h e r a p y ,   19th  I n t e r s c i e n c e   C o n f e r e n c e   on  A n t i -  

m i c r o b i a l   Agents   and  C h e m o t h e r a p y ,   Bos ton ,   October   1 -5 ,  
1979,  P a p e r s   231  and  232  and  B e l g i a n   P a t e n t   848,  5 4 5 .  

S a l t s   and  e s t e r s   of  the  compounds  of  f o r m u l a   I  may  b e  

p r o d u c e d   by  methods   we l l   known  in  t h e  β - l a c t a m   a r t .   F o r  

e x a m p l e ,   s a l t s   of  such  compounds  w i th   a c i d   g roups   c a n  
be  fo rmed   by  t r e a t i n g   with  me ta l   compounds  such  a s  
a l k a l i   m e t a l   s a l t s   of  s u i t a b l e   c a r b o x y l i c   a c i d s ,   o r  
wi th   ammonia  or  a  s u i t a b l e   o r g a n i c   amine ,   w h e r e i n   p r e -  
f e r a b l y  a  s t o i c h i o m e t r i c   amount  or  on ly   a  s m a l l - e x c e s s  

of  the  s a l t - f o r m i n g   agen t   is used.  Acid  a d d i t i o n   s a l t s   o f  
the   compounds   of  f o r m u l a   I   w i th   b a s i c   g r o u p i n g s  

are   o b t a i n a b l e   in  the  u s u a l   manner ,   fo r   e x a m p l e ,   by  
t r e a t i n g   w i t h   an  ac id   or  a  s u i t a b l e   an ion   e x c h a n g e  

r e a g e n t .   The  m e t a b o l i z a b l e   e s t e r s   can  be  p r e p a r e d   b y  
r e a c t i n g   the   c o r r e s p o n d i n g   a l k a l i   me t a l   s a l t   o f  
f o r m u l a   I  w i th   a  c h l o r i d e   of  the  e s t e r i f y i n g   g r o u p ,  
p r e f e r a b l y   in  a  s o l v e n t   such  as  d i m e t h y l f o r m a m i d e .  



The  p r o t e c t i n g   groups  used  may  be  any  of  t h o s e   c o n v e n t i o n -  

a l l y   used  in  the  β-lactam  a r t .   S u i t a b l e   hydroxy  p r o t e c -  

t i ng   groups   are  t hose   known  in  the  a r t   such  as  t -  

b u t o x y c a r b o n y l ,   p - n i t r o b e n z y l l o x y c a r b o n y l   and  2 , 2 , 2 - t r i c h -  

l o r o e t h o x y - c a r b o n y l   with  the  l a t t e r   p r e f e r r e d .   T y p i c a l  

amino  p r o t e c t i n g   groups  are  t hose   known  in  the  a r t ,   s u c h  

as  a l l y l o x y c a r b o n y l ,   2 , 2 , 2 - t r i c h l o r o e t h o x y c a r b o n y l ,   2 -  

b r o m o - e t h o x y c a r b o n y l ,   4 - m e t h o x y b e n z y l o x y c a r b o n y l   and  

t - b u t o x y c a r b o n y l ,   with  a l l y l o x y c a r b o n y l   being  most  p r e -  
f e r r e d .   T y p i c a l   ca rboxy   p r o t e c t i n g   g roups   are  a l l y l ,  

2 , 2 , 2 - t r i c h l o r o e t h y l ,   2 - b r o m o e t h y l ,   4 - m e t h o x y b e n z y l   and  

t - b u t y l   with  a l l y l   being  p r e f e r r e d .  

The  r e a c t i o n   c o n d i t i o n s   for   any  n e c e s s a r y   d e p r o t e c t i o n  

depends   upon  the  n a t u r e   of  the  p r o t e c t i n g   g roups   and  

s u c h  c o n d i t i o n s   are  well  known  to  the  s k i l l e d   man.  

For  i n s t a n c e ,   a  2 , 2 , 2 - t r i c h l o r o - e t h o x y c a r b o n y l   g r o u p  
is   p r e f e r a b l y   removed  by  t r e a t m e n t   w i t h   z i n c   and  g l a c i a l  
a c e t i c   a c i d   at  t e m p e r a t u r e s   in  t he   r a n g e   of  from  - 3 0  

to  0°  C;  g r o u p s   such  as  p - n i t r o b e n z y l o x y c a r b o n y l   a r e  
r e m o v e d   by  h y d r o g e n o l y s i s ,   f o r   e x a m p l e   by  t r e a t i n g   w i t h  

h y d r o g e n   in  the   p r e s e n c e   of  a  n o b l e   m e t a l   c a t a l y s t  

such   as  p a l l a d i u m .   A l l y l   and  a l l y l o x y c a r b o n y l   p r o t e c t -  

ing   g r o u p s   are   most  p r e f e r a b l y   r emoved   u t i l i z i n g   t h e  

m e t h o d   d e s c r i b e d   in  E u r o p e a n   P a t e n t   A p p l i c a t i o n   p u b l i -  

c a t i o n   No.  13662  which   u t i l i z e s   e . g .   2 - e t h y l - h e x a n o i c  

a c i d   or   an  a l k a l i   m e t a l   s a l t   t h e r e o f   and  as  c a t a l y s t ,  

an  o r g a n i c - s o l u b l e   p a l l a d i u m   c o m p l e x   h a v i n g   a  c o -  

o r d i n a t i n g   p h o s p h i n e   l i g a n d ;   A l t e r n a t i v e l y ,   t h e s e   p r o -  
t e c t i n g   g r o u p s   may  be  r e m o v e d   by  the   m e t h o d   of  T s u j i  
d e s c r i b e d   in  T e t r a h e d r o n   L e t t e r s , '   7,  613  ( 1 9 7 9 ) .   T h e  



Tsuj i   d e p r o t e c t i o n   p r o c e d u r e   u t i l i z e s   an  amine  s a l t   o f  

formic   acid   and  a  m i x t u r e   of  a  p a l l a d i u m   compound  and 

t r i p h e n y l p h o s p h i n e   as  the  c a t a l y s t .  

Compounds  of  fo rmula   IV  can  be  p r e p a r e d   by  f o l l o w i n g  
r e a c t i o n   scheme  I :  

REACTION  SCHEME  I 



For  p u r p o s e s   of  i l l u s t r a t i o n   the  r e a c t i o n   scheme  shows 

the  p r o d u c t i o n   of  i n t e r m e d i a t e s   having  the  p r e f e r r e d   3 -  

p o s i t i o n   s u b s t i t u e n t   namely  1 - p r o t e c t e d - h y d r o x y e t h y l .   I t  

wil l   be  a p p a r e n t   t h a t   the  r e a c t i o n   scheme  may  be  a p p l i e d  

e q u a l l y   to  the  p r e p a r a t i o n   of  i n t e r m e d i a t e s   in  which  t h e  

3 - p o s i t i o n   s u b s t i t u t e n t   is  a n o t h e r   p r o t e c t e d - h y d r o x y  

l o w e r a l k y l   g roup.   The  same  c o n s i d e r a t i o n   a p p l i e s   t o  

r e a c t i o n   scheme  II  b e l o w .  

In  s t e p   A  a  4 - a c e t o x y - 3 - ( p r o t e c t e d - h y d r o x y e t h y l ) -  
a z e t i d i n - 2 - o n e   of  f o r m u l a   X  in  which  Pg'  is  a  r e m o v e -  
ab le   h y d r o x y   p r o t e c t i n g   group  is  r e a c t e d   wi th   a  compound  
of  f o r m u l a   XI 

in  which  R10 and  X1 are  as  d e f i n e d   a b o v e ,  
or  a  r e a c t i v e   d e r i v a t i v e   the reof ,  in   which  any  f u n c t i o n a l  

groups   are  p r o t e c t e d   if  n e c e s s a r y   or  d e s i r e d .  

The  r e a c t i o n   of  s t ep   A  is  g e n e r a l l y   c o n d u c t e d   u n d e r  
b a s i c   c o n d i t i o n ,   in  aqueous   m e d i a .  

In  the  p r e f e r r e d   p r o c e d u r e   a c c o r d i n g   to  r e a c t i o n   scheme  1 

compound  XI  has  the  f o rmu la   X I '  



in  which  X' is  as  d e f i n e d   above,   and  the  r e a c t i o n  

m i x t u r e   is  fo rmed ,   for   example  by  add ing   a  s o l u t i o n  

of  the  a z e t i d i n o n e   of  f o rmu la   X  in  a  w a t e r - m i s c i b l e  

s o l v e n t ,   fo r   example   t e t r a h y d r o f u r a n   or  d i o x a n e ,   to  an  

aqueous   s o l u t i o n   of  the  t h i o l c a r b o x y l i c   a c i d   o f  

f o r m u l a   XI'  and  sodium  c a r b o n a t e   or  sodium  h y d r o x i d e .  

G e n e r a l l y   the  r e a c t i o n   be tween   a z e t i d i n o n e   X  a n d  

t h i o l c a r b o x y l i c   ac id   XI'  can  be  c a r r i e d   out  at  a 

t e m p e r a t u r e   in  the  range   of  00  C  to  500  C,  p r e -  
f e r a b l y   at   room  t e m p e r a t u r e ,   for   12  to  24  h o u r s .  

S tep   B  i n v o l v e s   a  f i r s t   s t a g e   in  which   a  c a r b o x y - p r o -  
t e c t e d   2 - h y d r o x y   a c e t i c   a c i d   g roup  is  added  to  t h e  

n i t r o g e n   of  the   a z e t i d i n o n e   r i n g  i n  a  c o m p o u n d   of  f o r m u l a  

XII ,   and  a  s e c o n d   s t a g e   in  which  the   h y d r o x y   g roup   o f  

t h e  2 - h y d r o x y   a c e t i c   a c i d   g roup   i s   r e p l a c e d   by  b r o m i n e  

or  c h l o r i n e .  

In  the   f i r s t   s t a g e   the   r e a c t i o n   is   c a r r i e d   out   by  r e -  
a c t i n g   the   i n t e r m e d i a t e   of  f o r m u l a   XII  w i t h   a  g l y -  
o x y l i c   e s t e r   of  f o r m u l a   XIVa  or  i t s   h e m i a c e t a l   o f  
f o r m u l a   XIVb 



i n  w h i c h   Pg  is  a  s u i t a b l e   e a s i l y   r e m o v a b l e   p r o t e c t i n g  

g r o u p ,   p r e f e r a b l y   one  which   can  be  r emoved   u n d e r   t h e  

same  c o n d i t i o n s   as  o t h e r   p r o t e c t i n g   g r o u p s   in  the   e v e n t u a l  

c y c l i s a t i o n   p r o d u c t .   For  t h i s   r e a s o n   t he   a l l y l   g r o u p  
i s   p a r t i c u l a r l y   p r e f e r r e d   as  i t   may  l a t e r   be  r e m o v e d  

c o n c u r r e n t l y   w i t h   an  a l l y l o x y c a r b o n y l   g r o u p   used   f o r  

amino  g roup   p r o t e c t i o n .   This   r e a c t i o n   may  be  c a r r i e d  

out   in  an  o r g a n i c   s o l v e n t   such  as  m e t h y l e n e   c h l o r i d e ,  
c h l o r o f o r m   or  c a r b o n   t e t r a c h l o r i d e   and  in   the   p r e s e n c e  
of  a  c a t a l y t i c   amount  of  an  a c i d   a c c e p t o r   such  as  t r i -  

e t h y l a m i n e   or  p y r i d i n e .   The  r e a c t i o n   t i m e   may  be  f r o m  

5  to  60  m i n u t e s   and  r e a c t i o n   t e m p e r a t u r e   f rom  0°  t o  
5 0 °  C ,   w i t h   room  t e m p e r a t u r e   b e i n g   p r e f e r r e d .  

The  s e c o n d   s t a g e   of  s t e p   B  may  be  a c c o m p l i s h e d   u t i l -  

i z i n g   a  h a l o g e n a t i n g   a g e n t ,   for   e x a m p l e   t h i o n y l  

c h l o r i d e ,   t h i o n y l   b r o m i d e ,   mesy l   c h l o r i d e ,   mesyl   b r o m -  

i d e ,   or  a  p h o s p h o r u s   o x y h a l i d e   e s p e c i a l l y   the   c h l o r -  

i d e ,   p r e f e r a b l y   in  the   p r e s e n c e   of  a  b a s e ,   p r e f e r a b l y  

an  o r g a n i c   b a s e   s u c h  a s   an  a l i p h a t i c   t e r t i a r y   a m i n e  

fo r   e x a m p l e   t r i e t h y l a m i n e ,   p y r i d i n e   or  c o l l i d i n e .   P r e -  

f e r a b l y   t h e   r e a c t i o n   i s   c a r r i e d   ou t   in  t h e   p r e s e n c e  

of  a  s u i t a b l e   s o l v e n t   such  as  m e t h y l e n e   c h l o r i d e ,   d i -  

oxane  or  t e t r a h y d r o f u r a n   at  a  t e m p e r a t u r e   in  the  r a n g e  

from  - 2 0 °   C  to  0°  C. 



Step   C  i n v o l v e s   the   c o n v e r s i o n   of  the   h a l i d e   i n t e r -  

m e d i a t e   of  f o r m u l a   X I I I   i n t o   the  i n t e r m e d i a t e   of  f o r -  

mula  IV.  This  c o n v e r s i o n   is  p r e f e r a b l y   a c c o m p l i s h e d   b y  
r e a c t i o n   of  t he   h a l i d e   i n t e r m e d i a t e   w i t h   a  s u i t a b l e  

p h o s p h i n e   such  as  a  t r i l o w e r a l k y l p h o s p h i n e ,   fo r   e x a m p l e  

t r i - n - b u t y l p h o s p h i n e   or  a  t r i a r y l p h o s p h i n e   f o r   e x a m p l e  

t r i p h e n y l p h o s p h i n e .  

T r i p h e n y l p h o s p h i n e   is  p r e f e r r e d   fo r   use  in  the   p r e s e n t  
i n v e n t i o n .  

The  r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out   in  the   p r e s e n c e  
of  a  s u i t a b l e   i n e r t   s o l v e n t   such  as  d i o x a n e ,   t e t r a h y d r o -  

f u r a n   or  d i m e t h y l f o r m a m i d e .   Depend ing   upon  the   r e a c t i v -  

i t y   the   r e a c t i o n   may  be  c o n d u c t e d   w i t h   c o o l i n g   or  a t  

e l e v a t e d   t e m p e r a t u r e s   and  is  p r e f e r a b l y   c a r r i e d   out  a t  

room  t e m p e r a t u r e .  

The  s t a r t i n g   compounds   of  f o r m u l a   X  may  be  o b t a i n e d   b y  

methods   known  in  t he   a r t ,   fo r   example   a c c o r d i n g   to  t h e  

t e a c h i n g s   of  E u r o p e a n   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n s  

No.  3960  and  1 3 6 6 2 .  



In  a  p r e f e r r e d   method  the  compounds  of  f o r m u l a   X  can  b e  

o b t a i n e d   by  t r e a t i n g   a  p e n i c i l l i n a t e   of  the  f o r m u l a   XX 

in  which  Pg '  i s   as  d e f i n e d   above  and  A  is  l o w e r a l k y l ,  

w i th   m e r c u r i c   a c e t a t e   in  g l a c i a l   a c e t i c   a c i d   f o l l o w e d  

by  s e p a r a t i o n   of  the   r e s u l t i n g   a z e t i d i n o n e   i n t e r -  

m e d i a t e   of  f o r m u l a   XXI 

which  i n t e r m e d i a t e   is  then  t r e a t e d   wi th   aqueous   a c e t -  

one  and  in  the   p r e s e n c e   of  p o t a s s i u m   p e r m a n g a n a t e  
u n d e r   cooling  to  g i v e   the  d e s i r e d   compound  of  f o r m u l a   X. 



I n t e r m e d i a t e s   of  f o r m u l a   XX  are  p r e p a r a b l e   f o r  
example   f o l l o w i n g   the  p r o c e d u r e   of  p r e p a r a t i o n   C 
p a r a g r a p h s   A  to  E  in  European   P a t e n t   A p p l i c a t i o n  
p u b l i c a t i o n   No.  0013662,   s t a r t i n g   from  6 - β - a m i n o  
p e n i c i l l i n i c   a c i d   b y :  

1)  f i r s t   t r e a t i n g   the   a c i d   in  2.5N  s u l f u r i c   a c i d  

wi th   sod ium  b r o m i d e ,   then   at  00  C  with  s o d i u m  

n i t r a t e   and  b r o m i n e   to  form  a  m i x t u r e   of  6 , 6  
dibromo  p e n i c i l l i n i c   a c i d   and  6 - β - b r o m o - p e n i c i l -  
l inic  ac id ,  

2)  t r e a t i n g   the   p e n i c i l l i n i c   ac id   m i x t u r e   i n  

d i m e t h y l   f o r m a m i d e   at  00  C  wi th   f i n e l y   p o w d e r e d  

p o t a s s i u m   c a r b o n a t e  a n d   methy l   i o d i d e ,   a n d  

i s o l a t i n g   pu re   me thy l   6 , 6 - d i b r o m o p e n i c i l l i n a t e ,  

3)  t r e a t i n g   the   e s t e r   from  2)  in  t e t r a h y d r o f u r a n  
unde r   n i t r o g e n   w i th   c o o l i n g ,   w i th   a c e t a l d e h y d e  
in  the  p r e s e n c e   of  m e t h y l m a g n e s i u m b r o m i d e   t o  

y i e l d   a  m i x t u r e   of  me thy l   6 @ - b r o m o - 6 β - ( 1 - h y d r o x y -  

e t h y l   p e n i c i l l i n a t e   and  the  c o r r e s p o n d i n g   6 a -  

( 1 - h y d r o x y e t h y l ) - 6 β - b r o m o   c o m p o u n d .  

4)  d e h a l o g e n a t i o n   by  t r e a t i n g   w i th   a  10%  p a l l a d i u m  
on  c a l c i u m   c a r b o n a t e   c a t a l y s t   u n d e r   2  a t m o -  

s p h e r e s   h y d r o g e n   p r e s s u r e ;   a n d  



5)  p r o t e c t i o n   of  the  ( 1 - h y d r o x y e t h y l   g r o u p )   by  
t r e a t m e n t   w i th   β , β , β - t r i c h l o r o e t h y l c h l o r o f o r m a t e  
in  dry  m e t h y l e n e   c h o r i d e   in  the  p r e s e n c e   o f  .  
p y r i d i n e   and  unde r   a  n i t r o g e n   a t m o s p h e r e   to  g i v e  
the   m e t h y l - 6 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l )  
p e n i c i l l i n a t e .  

Compounds  of  f o r m u l a   XI  can  be  p r e p a r e d   by  m e t h o d s  

known  in  the  a r t .  

For  example   compounds  of  f o r m u l a   XI'  can  be  p r e p a r e d  

by  c o n v e r t i n g   the  ca rboxy   group  of  a  c a r b o x y l i c   a c i d  

of  f o r m u l a   X X I I I  

in  which  any  f u n c t i o n a l   groups  in  X ' a re   p r o t e c t e d   if  n e c -  

e s s a r y   or  d e s i r e d ,   to  a  t h i o l c a r b o x y   g roup .   This  can  be 

a c c o m p l i s h e d   by  d i s s o l v i n g   the  compound  of  f o rmu la   XXII I  

in  a  s u i t a b l e   s o l v e n t , f o r   example  t r t r a h y d r o f u r a n   o r  

d i o x a n e ,   t r e a t i n g   i t   with  i s o b u t y l c h l o r o f o r m a t e   and  an 

o r g a n i c   acid   a c c e p t o r   for  example  t r i e t h y l a m i n e   or  p y r i -  

d ine ,   f o l l o w e d   by  the  a d d i t i o n   of  hydrogen   s u l f i d e   g a s .  
The  r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  at  -20°  to  0°C 

and  for   a  p e r i o d   fo  5  to  30  m i n u t e s .  

The  i n t e r m e d i a t e s   of  fo rmula   XXIII  can  be  p roduced   by 
f i r s t   p r o t e c t i n g   the  amino  group  or  g roups   in  the  g r o u p  
X'of  the  a p p r o p r i a t e   c a r b o x y l i c   a c i d .   By  way  of  e x a m p l e ,  
in  the  p r e p a r a t i o n   of  c a t e g o r y   (i)   (a)  and  ( i)   (b)  com- 

pounds  the  f o r m u l a   XXIII  s t a r t i n g   m a t e r i a l s   can  be 

p roduced   by  f i r s t   p r o t e c t i n g   the  amino  group  of  an  a l p h a  
amino  c a r b o x y l i c   a c i d ,   for  example  of  a lpha   amino  c a r b o x y -  

l ic   a c i d ,   for  example  of  fo rmula   X X I I I ( a )   and  X X I I I ( b )  



in  which   n  a n d   Z  a r e   as  d e f i n e d   above  to  a f f o r d   the  c o r r e s -  

p o n d i n g   a l p h a - N - p r o t e c t e d   c a r b o x y l i c   a c i d ,   fo r   e x a m p l e  

of  fo rmulaXXIV  (a)  and  XXIV  (b)  

in  wh ich   Pgr  is  a  s u i t a b l e   r e a d i l y   r e m o v a b l e   a m i n o  
p r o t e c t i n g   g r o u p ,   p r e f e r a b l y   a l l y l o x y c a r b o n y l .   U s u a l l y  
the   r e a c t i o n   is  c a r r i e d   ou t   in  a q u e o u s   media  to  w h i c h  
a  s u i t a b l e   i n o r g a n i c   b a s e ,   such  as  sodium  h y d r o x i d e  
has  been   a d d e d .   The  p r o t e c t i n g   g roup   can  t hen   be  a d d e d  
v ia   a  r e a c t i v e   d e r i v a t i v e ,   f o r   example   the   c h l o r o -  
f o r m a t e .  



In  the  case  of  the   i n t e r m e d i a t e s   of  f o r m u l a   XXIV  a n d  

o t h e r s   used  in  the   p r e p a r a t i o n   of  compounds  of  f o r m u l a  

1  (i)  (a)  the   c a r b o x y l i c   group  a t t a c h e d   to  the   same 

carbon   atom  as  the   amino  n i t r o g e n   (or  g roup  Q)  s h o u l d  

a l s o   be  p r o t e c t e d .   This  can  be  c a r r i e d   out  by  r e a c t i n g  

the  N - p r o t e c t e d   i n t e r m e d i a t e   w i th   a l l y l b r o m i d e   in  t h e  

p r e s e n c e   of  an  o r g a n i c   base   e . g .   t r i e t h y l a m i n e .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   by  the  s k i l l e d   man  t h a t  
f u n c t i o n a l   groups   c o n t a i n e d   in  Z,  may  need  to  be  p r o -  
t e c t e d   and  t h a t   such  p r o t e c t i o n   can  be  c a r r i e d   out  i n  

c o n v e n t i o n a l   m a n n e r .  

R e a c t i v e   d e r i v a t i v e s   of  the   compounds  of  f o r m u l a   XI 

i n c l u d e   the  m e t a l   s a l t s   e . g .   a l k a l i   m e t a l   s a l t s   s u c h  

as  sodium  or  p o t a s s i u m   s a l t s .  



An  a l t e r n a t i v e   method  for  the  p r e p a r a t i o n   of  the  compounds  
of  f o r m u l a   IV  i n v o l v e s   the  r e a c t i o n   of  a  s u i t a b l y   p r o t e c -  
ted  compound  of  fo rmula   XXIII  or  of  a  s u i t a b l y   p r o t e c t e d  
mixed  a n h y d r i d e   o b t a i n e d   by  r e a c t i n g   a  compound  of  f o r m -  

ula  XXIII  with  a  s u i t a b l e   c h l o r o f o r m a t e ,   for  e x a m p l e  
l o w e r a l k y l   c h l o r o f o r m a t e   e . g .   m e t h y l c h l o r o f o r m a t e   or  i s o -  

b u t y l c h l o r o f o r m a t e   in  the  p r e s e n c e   of  an  acid  a c c e p t o r ,  
for   example  p y r i d i n e   or  t r i e t h y l a m i n e ,   with  a  s i l v e r   s a l t  

of  f o r m u l a   XV.  The  mixed  a n h y d r i d e   is  p r e f e r a b l y   p r e p a r e d   i n  
s i t u   in  the  r e a c t i o n   medium  and  r e a c t e d   i m m e d i a t e l y   a f t e r  

i t s   p r e p a r a t i o n   with  the  s i l v e r   s a l t .  

in  which  Pg ,Pg '   and  Y  a r e   as  d e f i n e d   a b o v e .  

This   r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  in  an  i n e r t  

s o l v e n t   fo r   example  t e t r a h y d r o f u r a n   or  e t h y l   e t h e r  

p r e f e r a b l y   at  t e m p e r a t u r e s   of  from  - 2 0   C  to  0°  C.  

R e a c t i o n   t imes   are  p r e f e r a b l y   from  0.5  to  2  h o u r s .  

The  s i l v e r   s a l t   of  f o r m u l a   XV  is  p r e f e r a b l y   p r e p a r e d   b y  

f o l l o w i n g   the  r e a c t i o n   scheme  shown  b e l o w  



REACTION  SCHEME  I I  

Step  IIA  i n v o l v e s   the  c o n v e r s i o n   of  a  compound  o f  

f o r m u l a   X  i n t o   a  4 - t r i p h e n y l m e t h y l t h i o   a z e t i d i n o n e  
i n t e r m e d i a t e   of  the  f o r m u l a   XXX  in  which  P g ' i s   a s  
d e f i n e d   above .   This   c o n v e r s i o n   is  p r e f e r a b l y   c a r r i e d  

out  by  r e a c t i n g   the  compound  of  f o r m u l a  X   wi th   t r i -  

p h e n y l m e t h y l t h i o l   in  the  p r e s e n c e   of  an  a c i d   a c c e p t o r  
which  may  be  i n o r g a n i c ,   for   example  p o t a s s i u m   or  s o d i u m  

c a r b o n a t e   or  o r g a n i c ,   for   example  t r ie thylamine.   The  
r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  at  00  to  50°  C 

( p r e f e r a b l y   at  room  t e m p e r a t u r e )   and  p r e f e r a b l y   in  a n  
o r g a n i c   s o l v e n t   for   example   a c e t o n i t r i l e   or  p y r i d i n e .  
R e a c t i o n   t ime  depends   upon  the  o t h e r   r e a c t i o n   c o n -  
d i t i o n s   u t i l i z e d   but   u s u a l l y   is  in  the  range   of  2  t o  
24  h o u r s .  



Step   IIB  i n v o l v e s   the  c o n v e r s i o n   of  the  i n t e r m e d i a t e  

XXX  i n t o   the  p h o s p h o r a n e   i n t e r m e d i a t e   of  f o rmu la   XXXI, 

which  is  p r e f e r a b l y   a c c o m p l i s h e d   u s i n g   the  same  o r  

s i m i l a r   p r o c e d u r e   as  d e s c r i b e d   above  for   the  c o n v e r s i o n  

of  the  i n t e r m e d i a t e   of  f o r m u l a   XII  to  the  i n t e r -  
m e d i a t e   of  f o r m u l a   XIV. 

Step   I IC ,   i n v o l v e s   the  c o n v e r s i o n   of  the  i n t e r m e d i a t e  

of  f o r m u l a   XXXI  to  the  s i l v e r   s a l t   XV.  This  r e a c t i o n  
is  p r e f e r a b l y   c a r r i e d   out  in  a  s u i t a b l e   o r g a n i c   s o l v e n t  
fo r   example   a  h a l o g e n a t e d   h y d r o c a r b o n   for   e x a m p l e  
m e t h y l e n e   c h l o r i d e ,   u s i n g   a  r e a c t i v e   s i l v e r   compound ,  
u s u a l l y   a  s a l t   which  is  s o l u b l e   in  the  s e l e c t e d   s o l v e n t .  
S i l v e r   n i t r a t e   is  the  p r e f e r r e d   r e a c t i v e   s i l v e r   com-  
pound .   An  o r g a n i c   or  i n o r g a n i c   b a s e , f o r   example  a n i l i n e ,  
p y r i d i n e ,   c o l l i d i n e   or an  a l k a l i   meta l   c a r b o n a t e ,  i s  
p r e f e r a b l y   i n c l u d e d   in  the  r e a c t i o n   m i x t u r e .   P r e f e r a b l y  
the   t e m p e r a t u r e   range   is  from  - 2 0   C  to  25°  C.  The  
r e a c t i o n   t ime  depends   upon  the  p a r t i c u l a r   c o n d i t i o n s  
and  r e a g e n t s ,   but   i s   u s u a l l y   l e s s   than  1/2  h o u r .  

A n o t h e r   p r o c e s s   fo r   the   p r e p a r a t i o n   of  the  compounds  o f  

f o r m u l a   I  c o m p r i s e s   r e a c t i n g   a  compound  h a v i n g   t h e  

g e n e r a l   f o r m u l a   I V '  



in  which   R,X,R10  and  Pg  are  as  d e f i n e d   above  any  f u n c t i o n a l  

groups   being  p r o t e c t e d   if  n e c e s s a r y   or  d e s i r e d   with  a  t r i -  

v a l e n t   o r g a n o p h o s p h o r u s   compound,  p r e f e r a b l y   t r i e t h y l p h o s -  

p h i t e ,   f o l l o w e d   by  r emova l   of  any  p r o t e c t i n g   g r o u p s  
from  the  c y c l i s e d   p r o d u c t   b e f o r e   or  a f t e r   any  d e s i r e d  

s e p a r a t i o n   of  s t e r e o i s o m e r s   i f   a  m i x t u r e   of  s t e r e o -  

i s o m e r s   was  s u b j e c t e d   to  c y c l i s a t i o n ,   and  i f   n e c e s s a r y  
or  d e s i r e d   s u b j e c t i n g   the   r e s u l t i n g   compound  to  one  o r  
more  of  o p e r a t i o n s   (i)  to  (iv)  d e f i n e d   above  in  c o n n e c t i o n  
w i th   the  f i r s t   m e n t i o n e d   method  of  p r e p a r a t i o n   of  t h e  
compounds  of  the  i n v e n t i o n .  

In  e s s e n c e ,   t h i s   r e a c t i o n   is  a n a l o g o u s   to  t h a t   d e s -  

c r i b e d   in  our  Eu ropean   P a t e n t   A p p l i c a t i o n   p u b l i c a t i o n  

No.  5 8 3 1 7 .  

In  g e n e r a l   the   r e a c t i o n   can  be  c a r r i e d   out  in  an  i n e r t  

s o l v e n t   for   example  a r o m a t i c   h y d r o c a r b o n s   e . g .   b e n z e n e ,  

or  t o l u e n e ,   a l i p h a t i c   e t h e r s   e . g .   d i e t h y l e t h e r   or  d i -  

i s o p r o p y l e t h e r ,   c y c l i c   e t h e r s   e . g .   d i o x a n e   or  t e t r a -  

h y d r o f u r a n , a n d   p r e f e r a b l y   h a l o g e n a t e d   h y d r o c a r b o n s  

such  as  m e t h y l e n e c h l o r i d e   or  c h l o r o f o r m .  

The  c y c l i s a t i o n   r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  i n  

the   t e m p e r a t u r e   range   20°  C  to  80°  C  and  p r e f e r a b l y  

two  mola r   e q u i v a l e n t s   of  the   p h o s p h o r u s   r e a g e n t   is  u s e d .  

The  i n t e r m e d i a t e s   of  f o r m u l a   IV'  can  be  o b t a i n e d   b y  

r e a c t i n g   a  compound  of  f o r m u l a   X I I '  



w i t h   an  a c i d   h a l i d e   of  the  g e n e r a l   f o r m u l a  

in  which  Pg  is  as  d e f i n e d   above  and  Hal  r e p r e s e n t s  

h a l o g e n   e . g .   c h l o r o   or  bromo.  The  r e a c t i o n   can  b e  

c a r r i e d   out   in  an  i n e r t   s o l v e n t   in  the  p r e s e n c e   of  a n  

o r g a n i c   b a s e ,   p r e f e r a b l y   a  t e r t i a r y   amine  and  p r e f e r a b l y  

a l s o   in  t he   p r e s e n c e   of  an  a c i d   b i n d i n g   agen t   e . g .   a n  

a l k a l i n e   e a r t h   me ta l   c a r b o n a t e   such  as  c a l c i u m   c a r b o n a t e .  

In  a d d i t i o n   c e r t a i n   compounds  of  t h i s   i n v e n t i o n   w i l l  

form  i n t e r n a l   s a l t s   i . e .   z w i t t e r i o n s ,   which  may  be 

o b t a i n e d   by  n e u t r a l i z i n g   s a l t s   such  as  acid  a d d i t i o n  

s a l t s   to  the  i s o e l e c t r i c   p o i n t .  

S a l t s   may  be  c o n v e r t e d   in  the  usual   manner  in to   the  f r e e  

ca rboxy   c o m p o u n d s .  



Compounds  of  fo rmula   I  can  be  p r e p a r e d   by  s t e r e o s p e c i f i c  

s y n t h e s i s   or  from  m i x t u r e s   of  s t e r e o i s o m e r s   and  t h e  

r e s u l t i n g   m i x t u r e   of  s t e r e o i s o m e r s   is  s e p a r a t e d   i f  

n e c e s s a r y   or  d e s i r e d .   The  compounds  of  fo rmula   I  c an  

thus  be  p r e p a r e d   a c c o r d i n g   to  r e a c t i o n   scheme  I  and  I I  

us ing  r acemic   s t a r t i n g   m a t e r i a l s .   For  i n s t a n c e ,   in  t h e  

case  of  f o rmula   I ( i ) ( a )   compounds  t h e s e   may  be  p r e p a r e d  

s t a r t i n g   from  racemic   s t a r t i n g   m a t e r i a l s   of  f o rmula   XI 
which  can  be  p r e p a r e d   us ing  D,L  m i x t u r e s   of  the  compound 
shown  in  s t e r e o s p e c i f i c   form  in  f o rmu la   X X I I I ( a ) .   A 

d e s i r e d   i somer   of  f o rmula   I  (or  i n t e r m e d i a t e   t h e r e f o r )  

can  be  s e p a r a t e d   from  a  m i x t u r e   of  s t e r e o i s o m e r s   as  
d i s c u s s e d   h e r e i n .  

R e s u l t i n g   m i x t u r e s   of  i s o m e r s   can  be  s e p a r a t e d   i n t o  

the   i n d i v i d u a l   i s o m e r s   a c c o r d i n g   to  known  m e t h o d s .  

D i a s t e r e o m e r i c   m i x t u r e s ,   fo r   example ,   can  be  s e p a r a t e d  

by  f r a c t i o n a l   c r y s t a l l i z a t i o n ,   a b s o r p t i o n   c h r o m a t o -  

g r a p h y   (column  or  t h i n   l a y e r )   or  o t h e r   s u i t a b l e   s e -  

p a r a t i o n   m e t h o d s . R e s u l t i n g   r a c e m a t e s   can  be  r e s o l v e d  

i n t o   the  a n t i p o d e s   in  the  c u s t o m a r y   manner ,   f o r  

e x a m p l e ,   by  f o r m i n g   a  m i x t u r e   of  d i a s t e r e o m e r i c   s a l t s  

w i th   o p t i c a l l y   a c t i v e   s a l t - f o r m i n g   r e a g e n t s ,   s e p a r a t i n g  

the  d i a s t e r e o m e r i c   s a l t s   and  c o n v e r t i n g   the  s a l t s   i n t o  

the   f r e e   compounds ,   or  by  f r a c t i o n a l   c r y s t a l l i z a t i o n  

from  o p t i c a l l y   a c t i v e   s o l v e n t s .  



PREPARATION  A 

A.  N - a l l y l o x y c a r b o n y l - D - m e t h i o n i n e  

To  a  s o l u t i o n   o f  15 .00g   D - m e t h i o n i n e   in  25.2  ml  4N 

sodium  h y d r o x i d e   c o o l e d   to  abou t   00  C  add,  w i t h  

s t i r r i n g ,   15.60  ml  a l l y l   c h l o r o f o r m a t e   and  41.49  ml 

4N  sodium  h y d r o x i d e .   A f t e r   the   a d d i t i o n   is  com-  

p l e t e d ,   s t i r   the  r e a c t i o n   for   an  a d d i t i o n a l   t e n  

m i n u t e s   at   00  C  and  then   a l l o w   to  warm  to  room 

t e m p e r a t u r e   for   an  a d d i t i o n a l   20  m i n u t e s .   Wash  t h e  

r e a c t i o n   m i x t u r e   t w i c e   wi th   e t h y l   e t h e r .   S e p a r a t e  

aqueous   l a y e r s ,   a c i d i f y   to  pH  2  w i th   c o n c e n t r a t e d  

h y d r o c h l o r i c   a c i d   and  t hen   r e f r i g e r a t e   fo r   o n e  
h o u r .   E x t r a c t   the   c o o l e d   s o l u t i o n   t h r e e   t imes   w i t h  

100  ml  p o r t i o n s   of  e t h y l   e t h e r .   Combine  the  e t h e r  

e x t r a c t s ,   dry  them  over   a n h y d r o u s   sodium  s u l f a t e  

and  remove  the   s o l v e n t s   under   vacuum  to  a f f o r d   t h e  

t i t l e   p r o d u c t   h a v i n g  

Mass  s p e c t r a :   M+,  233;  NMR:  δ(CDCl3)  2.13  ppm 
( s , 3 H ) ,   2.58  ppm  ( t ,   2 H ) .  



B.  N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 4 - m e t h y l t h i o t h i o l -  

b u t y r i c   a c i d  

To  a  s o l u t i o n   of  109  of  the  N - a l l y l o x y c a r b o n y l - D -  
m e t h i o n i n e   from  p a r a g r a p h   A  in  100  ml  t e t r a h y d r o -  
f u r a n   and  7  ml  p y r i d i n e   at   - 15o  C   add  a  s o l u t i o n   o f  
6.6  ml  i s o b u t y l c h l o r o f o r m a t e   in  10  ml  t e t r a h y d r o -  
f u r a n   over   a  p e r i o d   of  ten  m i n u t e s .   S t i r   the  r e -  
s u l t i n g   s u s p e n s i o n   at  about   -150  to  100  C  for   o n e -  
h a l f   h o u r .   Bubble  h y d r o g e n   s u l f i d e  g a s   t h r o u g h   t h e  

r e a c t i o n   m i x t u r e   for   f i f t e e n   m i n u t e s   at  about   - 1 0 0  

C.  Allow  the  r e a c t i o n   m i x t u r e   to  warm  to  room 

t e m p e r a t u r e   u n t i l   the  e v o l u t i o n   of  c a rbon   d i o x i d e  

c e a s e s   and  then  d i l u t e   wi th   100  ml  w a t e r .   A c i d i f y  
the  s o l u t i o n   with  25  ml  2N  h y d r o c h l o r i c   ac id   a n d  
then   e x t r a c t   twice   wi th   80  ml  p o r t i o n s   of  e t h y l  
a c e t a t e .   Combine  the  e x t r a c t s ,   wash  twice   w i t h  
100  ml  p o r t i o n s   of  w a t e r ,   s ix   t imes   wi th   50  ml 

p o r t i o n s   of  w a t e r ,   once  wi th   b r i n e ,   and  then  d r y  
over   sodium  s u l f a t e .   Remove  the  s o l v e n t   by  e v a p o r -  
a t i o n   to  a f f o r d   the  t i t l e   compound  h a v i n g   Mass 
s p e c t r a :   M+ =  2 4 9 .  

PREPARATION  B 

U t i l i z e   the  p r o c e d u r e   d e s c r i b e d   in  p a r a g r a p h   A  o f  

P r e p a r a t i o n   A  and  the  a p p r o p r i a t e   amino  a c i d ,   t o  

p r o d u c e   the  f o l l o w i n g   i n t e r m e d i a t e s :  

N - A l l y l o x y c a r b o n y l - S - M e t h y l - D - c y s t e i n e ;  
N - A l l y l o x y c a r b o n y l - D - a l a n i n e ;  

N - A l l y l o x y c a r b o n y l - D - s e r i n e ;  



N - A l l y l o x y c a r b o n y l - D - h o m o s e r i n e ;  

N - A l l y l o x y c a r b o n y l - D - h i s t i d i n e ;  
b i s , N , N - A l l y l o x y c a r b o n y l - D - l y s i n e ;  

N - A l l y l o x y c a r b o n y l - D - t y r o s i n e ;  
N - A l l y l o x y c a r b o n y l - D - p h e n y l a l a n i n e ;  

N - A l l y l o x y c a r b o n y l - D - t r y p t o p h a n ;  

PREPARATION  C 

C o n v e r t   the   p r o t e c t e d   amino  a c i d s   of  P r e p a r a t i o n   B 

to  the  c o r r e s p o n d i n g   t h i o a c i d s   u s i n g   the  p r o c e d u r e  
of  p a r a g r a p h   B  of  P r e p a r a t i o n   A  to  a f f o r d   t h e  

f o l l o w i n g :  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - m e t h y l t h i o -  
t h i o l p r o p i o n i c   a c i d ;  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - t h i o l p r o p i o n i c  
a c i d ;  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - h y d r o x y -  
t h i o l - p r o p i o n i c   a c i d ;  

N - a l l y l o x y c a r b o n y l - D  - 2 - a m i n o - 4 - h y d r o x y -  
t h i o l b u t y r i c   a c i d ;  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - ( 4 - i m i d a z o l e )  

t h i o l p r o p i o n i c   a c i d ;  

b i s - N , N - a l l y l o x y c a r b o n y l - D - 2 , 6 - d i a m i n o t h i o l -  

c a p r o i c   a c i d ;  



N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - p - h y d r o x y -  

p h e n y l t h i o l p r o p i o n i c   a c i d ;  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - p h e n y l t h i o l -  
p r o p i o n i c   ac id ;   a n d  

N - a l l y l o x y c a r b o n y l - D - 2 - a m i n o - 3 - i n d o l e t h i o l -  
p r o p i o n i c   a c i d .  

PREPARATION  D 

A.  N - A l l y l o x y c a r b o n y l - D - g l u t a m i c   a c i d   o - a l l y l   e s t e r  

S t i r   a  s o l u t i o n   of  D - g l u t a m i c   a c i d   (6 .0   g)  in  w a t e r  

(30  ml)  and  e t h a n o l   (10  ml)  w i th   coppe r   c a r b o n a t e  

(3 .6   g)  fo r   1  hour .   To  t h i s   m i x t u r e   then   a d d  

p o t a s s i u m   b i c a r b o n a t e   (5 .28   g)  and  a l l y l   b r o m i d e  

(4 .5   ml)  and  s t i r   the  m i x t u r e   o v e r n i g h t   at  room 

t e m p e r a t u r e .   Bubble  e x c e s s   h y d r o g e n   s u l f i d e  

t h r o u g h   the  m i x t u r e ,   then  f i l t e r   and  s t i r   t h e  
f i l t r a t e   v i g o r o u s l y   wi th   p o t a s s i u m   b i c a r b o n a t e  

(5 ,8   g)  and  a l l y l   c h l o r o f o r m a t e   (5 .4   ml)  for   1 
h o u r .   Wash  the  m i x t u r e   wi th   e t h y l   e t h e r   and  a c i -  

d i f y   the  aqueous   phase   wi th   d i l u t e   m i n e r a l   a c i d  

and  e x t r a c t   wi th   e t h y l   a c e t a t e .   Dry  the  e x t r a c t  
and  e v a p o r a t e .   P u r i f y   the  r e s i d u a l   o i l   by  c h r o -  

m a t o g r a p h y   on  s i l i c a   gel  (100  g ) .   E l u t e   w i t h  

c h l o r o f o r m : m e t h a n o l : a m m o n i a   ( 7 : 1 : 0 . 2 )   to  a f f o r d  

the  t i t l e   compound  h a v i n g  



B.  N - A l l y l o x y c a r b o n y l - D - g l u t a m i c   @ - t h i o l a c i d γ - a l l y l  

e s t e r  

The  p r o t e c t e d   g l u t a m i c   ac id   of  p a r a g r a p h   A  is  c o n -  

v e r t e d   to  the  t i t l e   compound  u s i n g   the  p r o c e d u r e   o f  

p a r a g r a p h   B  of  P r e p a r a t i o n   A. 

PREPARATION  E 

N - A l l y l o x y c a r b o n y l - L - g l u t a m i c   ac id   a - a l l y l   e s t e r  

A.  Cool  a  s o l u t i o n   of  L - g l u t a m i c   ac id   (6 .58   g)  i n  

t e t r a h y d r o f u r a n   (80  ml)  and  water   (80  ml)  c o n -  
t a i n i n g   sodium  b i c a r b o n a t e   (11 .36   g)  to  40  C  a n d  
s t i r   w h i l e   a d d i n g   a l l y l o x y c a r b o n y l   c h l o r i d e   ( 4 . 2 5  
ml)  d r o p w i s e   d u r i n g   45  m i n u t e s .   S t i r   the  m i x t u r e  

o v e r n i g h t   at  room  t e m p e r a t u r e   and  then  d i l u t e   w i t h  

e t h y l a c e t a t e   (100  ml) .   S e p a r a t e   the  aqueous   p h a s e ,  

a c i d i f y   wi th   m i n e r a l   a c i d   and  e x t r a c t   wi th   e t h y l -  
a c e t a t e .   Wash  the  e x t r a c t   with  b r i n e ,   dry  a n d  

e v a p o r a t e   to  g ive   N - a l l y l o x y c a r b o n y l - L - g l u t a m i c  
a c i d ,   8.9  g .  

B.  T r e a t   a  s o l u t i o n   of  N - a l l y l o x y c a r b o n y l - L - g l u t a m i c  
a c i d   from  Step   A  (8 .8   g)  in  DMF  (8  ml)  and  t r i -  

e t h y l a m i n e   (5 .28   ml)  wi th   a l l y l   b romide   (3 .3   m l ) .  
S t i r   the  m i x t u r e   o v e r n i g h t   at  room  t e m p e r a t u r e   a n d  
then   d i l u t e   wi th   w a t e r   (150  ml)  c o n t a i n i n g   10% 
sodium  b i c a r b o n a t e   (40  ml) .   Wash  the  m i x t u r e   w i t h  
e t h e r   (2  x  100  ml) ,   s e p a r a t e   the  aqueous   l a y e r ,  
a c i d i f y   wi th   m i n e r a l   a c i d   and  e x t r a c t   wi th   e t h e r .  
Wash  the  l a t t e r   e t h e r   e x t r a c t   wi th   b r i n e ,   dry  a n d  

e v a p o r a t e   to  d r y n e s s   to  a f f o r d   the  t i t l e   c o m p o u n d ,  
4.4  g,  [ @ ] D 2 6 = + 0 . 3 ° [ c = 2 7 . 7 ,   CHCl3] 



PREPARATION  F 

Apply  the  r e a c t i o n   s e q u e n c e   d e s c r i b e d   in  P r e p a r a -  
t i on  E   to  D - g l u t a m i c a c i d ,   L-  and  D-  a s p a r t i c   a c i d  

and  DL-a -amino   a d i p i c   ac id   and  o b t a i n :  

N - a l l y l o x y c a r b o n y l - D - g l u t a m i c   ac id   a - a l l y l   e s t e r  

N - a l l y l o x y c a r b o n y l - L - a s p a r t i c   ac id   a - a l l y l   e s t e r  
N - a l l y l o x y c a r b o n y l - D - a s p a r t i c   ac id   a - a l l y l   e s t e r  

N - a l l y l o x y c a r b o n y l - D L - a - a m i n o a d i p i c   a c i d   a - a l l y l  
e s t e r  

PREPARATION  G 

N - A l l y l o x y c a r b o n y l   D - g l u t a m i c  γ - T h i o l a c i d   a - a l l y l  
e s t e r  

Cool  a  s o l u t i o n   of  N - a l l y l o x y c a r b o n y l - D - g l u t a m i c  
ac id   a - a l l y l   e s t e r   (2 .7   g)  and  p y r i d i n e   (0 .8   g )  
in  t e t r a h y d r o f u r a n   (30  ml)  to  -10°  C  and  s t i r  
w h i l e   a d d i n g   i s o b u t y l c h l o r o f o r m a t e   ( 1 . 3 7   g)  d r o p -  
w i s e .   S t i r   the  m i x t u r e   at  -10°  for   20  m i n u t e s   a n d  

then  b u b b l e   h y d r o g e n   s u l f i d e   gas  t h e r e t h r o u g h   f o r  
20  m i n u t e s .   Allow  the  m i x t u r e   to  warm  up  to  room 

t e m p e r a t u r e   and  then  d i l u t e   wi th   w a t e r / 1 0 %   s o d i u m  

b i c a r b o n a t e / e t h e r .   S e p a r a t e   the  aqueous   l a y e r ,   a c i -  

d i f y   wi th   m i n e r a l   a c id   and  e x t r a c t   w i th   e t h y l   a c e -  



t a t e .   Wash  the  l a t t e r   e x t r a c t  w i t h   b r i n e ,   dry  a n d  

e v a p o r a t e   tc  a f f o r d   the  t i t l e   c o m p o u n d .  

PREPARATION  H 

C o n v e r t   the  p r o t e c t e d   amino  a c id s   d e s c r i b e d   i n  

P r e p a r a t i o n   E  and  F  to  the  f o l l o w i n g   t h i o l a c i d s ,  

u s i n g   the  p r o c e d u r e   of  p r e p a r a t i o n   G: 

N - a l l y l o x y c a r b o n y l - L - g l u t a m i c  γ - t h i o l a c i d   a - a l l y l  

e s t e r  

N - a l l y l o x y c a r b o n y l - L - a s p a r t i c   β - t h i o l a c i d   a - a l l y l  

e s t e r  

N - a l l y l o x y c a r b o n y l - D - a s p a r t i c j 3 - t h i o l a c i d   a - a l l y l  

e s t e r  

N - a l l y l o x y c a r b o n y l - D L - a - a m i n o a d i p i c   δ - t h i o l a c i d  

@ - a l l y l   e s t e r .  

PREPARATION  I  

N - a l l y l o x y c a r b o n y l - i s o n i p e c o t i c   a c i d  

To  a  s t i r r e d   s o l u t i o n   of  i s o n i p e c o t i c   a c i d   (5.0  g) 
in  4N  sodium  h y d r o x i d e   (9.7  ml)  and  w a t e r   (6  ml)  
add  d r o p w i s e   a l l y l c h l o r o f o r m a t e   (6.0  ml)  and  4N 
sodium  h y d r o x i d e   (16  ml) .   S t i r   the   r e a c t i o n   m i x -  
t u r e   fo r   1  hour   and  wash  i t   w i th   e t h e r   (50  m l ) .  
A c i d i f y   the   aqueous   phase   wi th   1N  h y d r o c h l o r i c  
a c i d   and  e x t r a c t   w i t h   e t h y l   a c e t a t e .   Wash  t h e  
o r g a n i c   l a y e r s   w i t h   w a t e r ,   dry  and  e v a p o r a t e   t o  
a f f o r d   the  t i t l e   compound.  M.S.:   m/e  213  (M+) 



PREPARATION  J  

N - a l l y l o x y c a r b o n y l   n i p e c o t i c   a c i d  

A  s o l u t i o n   of  n i p e c o t i c   ac id   (5.0  g)  in  4N  s o d i u m  

h y d r o x i d e   (9.7  ml)  and  wa t e r   (6  ml)  was  s t i r r e d  

w h i l e   a d d i n g   d r o p w i s e   and  s i m u l t a n e o u s l y   a l l y l -  

c h l o r o f o r m a t e   (6.0  ml)  and  4N  sodium  h y d r o x i d e  

(16  ml) .   The  r e a c t i o n   m i x t u r e   was  t h e n   s t i r r e d   f o r  

1  hour  and  washed  w i th   e t h e r   (50  ml ) .   The  a q u e o u s  

phase   was  a c i d i f i e d   wi th   1N  h y d r o c h l o r i c   a c i d   a n d  

e x t r a c t e d   w i t h   e t h y l   a c e t a t e .   The  o r g a n i c   l a y e r s  

were  then   washed  wi th   w a t e r ,   d r i e d   and  e v a p o r a t e d  

to  a f f o r d   the   t i t l e   compound .  

M.S.:   m/e  213  (M+) 

PREPARATION  K 

Repea t   the   p r o c e d u r e   d e s c r i b e d   above  and  o b t a i n  

the  f o l l o w i n g   N - p r o t e c t e d   a c i d s   from  the   c o r r e s -  

pond ing   u n p r o t e c t e d   a c i d s :  

N - A l l y l o x y c a r b o n y l   P i p e c o l i n i c   A c i d  

N - A l l y l o x y c a r b o n y l   D - P r o l i n e  



PREPARATION  L 

( 3 S , 4 R , 5 R ) - 4 - a c e t o x y - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) a z e t i d i n - 2 - o n e  

To  a  s o l u t i o n   of  m e r c u r i c   a c e t a t e   (73.35  g)  i n  

g l a c i a l   a c e t i c   ac id   (500  ml)  at  80°C  add  in  s m a l l  

l o t s   m e t h y l   ( 5 R , 6 S , 8 R ) - 6 - ( l - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) p e n i c i l l i n a t e   (50  g) .   A f t e r   2  h o u r s ,  

f i l t e r   the   m i x t u r e ,   d i l u t e   w i th   two  l i t r e s   e t h y l  

a c e t a t e ,   wash  s u c c e s s i v e l y   wi th   w a t e r ,   10%  s o d i u m  

b i c a r b o n a t e   s o l u t i o n ,   and  b r i n e   and  t hen   dry  a n d  

e v a p o r a t e .   D i s s o l v e   the   r e s u l t i n g   ( 3 S , 4 R , 5 R ) - 1 -  

[ ( 2 - m e t h y l - 1 - m e t h o x y c a r b o n y l ) p r o p - 1 - e t h y l ] - 3 - ( 1 -  

t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 - a c e t o x y a z e t i d i n -  

2 -one   in  a c e t o n e   (860  ml)  and  w a t e r   (70  ml) .   S t i r  

t he   s o l u t i o n   and  coo l   in  an  ice   ba th   w h i l e   a d d i n g  

p o t a s s i u m   p e r m a n g a n a t e   (23  g) .   A f t e r   1/2  h o u r  

d i l u t e   the   s o l u t i o n   w i t h   e t h y l a c e t a t e   (500  m l ) ,  

f i l t e r   t h r o u g h   c e l i t e ,   c o n c e n t r a t e   to  300  m l ) ,  

d i l u t e   w i th   an  e q u a l   volume  of  e t h y l a c e t a t e   a n d  

wash  s e v e r a l   t imes   w i th   w a t e r .   Dry  the   o r g a n i c  

l a y e r   and  e v a p o r a t e   to  a f f o r d   the   t i t l e   compound  

h a v i n g   the  f o l l o w i n g   s p e c t r a :  

NMR:  6  1.42  (d , J   =  6  c p s ) ;   1.55  (d , J   =  6  c p s ) ;  

3.4  (dd , J   =  2.8  c p s ) ;   4.76  ( s ) ,   5.86  ( d ,  

J  =  1.5  c p s ) ;   5.90  (d , J   =  3.0  c p s ) .  



PREPARATION  M 

( 3 R , 4 S , 5 R ) - s i l v e r - 3 - ( 1 ' - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y - 1 ' - e t h y l ) - 1 - ( a l l y l - 2 " - t r i p h e n y l p h o s p h o r a n y l -  

i d e n e - 2 " - a c e t a t e ) - 2 - a z e t i d i n o n e - 4 - t h i o l a t e  

A.  S t i r   o v e r n i g h t   a  s o l u t i o n   of  the   t i t l e   compound  o f  

P r e p a r a t i o n   L  (50  g)  in  a c e t o n i t r i l e   (750  ml)  w i t h  

p o t a s s i u m   c a r b o n a t e   (39.6  g)  and  t r i p h e n y l m e r c a p -  

tan   (59.8  g)  under   a rgon .   F i l t e r   the   m i x t u r e   a n d  

e v a p o r a t e   the   f i l t r a t e   to  d r y n e s s .   C h r o m a t o g r a p h  

the  r e s u l t i n g   c rude   p r o d u c t   on  s i l i c a   ge l   (540  g ) .  

E l u t e   w i t h   10%  e t h y l a c e t a t e : h e x a n e   to  o b t a i n   (3S ,  

4 R , 5 R ) - 3 - ( 1 ' - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 -  

t r i t y l t h i o - a z e t i d i n - 2 - o n e .  

B.  T r e a t   the   p r o d u c t   from  Step  A  (55.9  g)  in  m e t h y l -  

ene  c h l o r i d e   (600  ml)  wi th   a l l y l - g l y o x y l a t e - a l l y l -  

h e m i a c e t a l   (17  g)  and  t r i e t h y l a m i n e   (1.0  g) .   A f t e r  

s t i r r i n g   for   1  hour ,   cool   the  s o l u t i o n   in  an  i c e  

ba th   and  add  mesyl   b romide   (62.96  g)  in  one  l o t  

and  then   add  d r o p w i s e   a  s o l u t i o n   of  t r i e t h y l a m i n e  
840  g)  in  m e t h y l e n e   c h l o r i d e   (90  ml)  w h i l e   m a i n -  

t a i n i n g   the   r e a c t i o n   t e m p e r a t u r e   be low  2°C.  A f t e r   1 

hour  f i l t e r   the   r e a c t i o n   m i x t u r e   t h r o u g h   s i l i c a   g e l  
(300  g)  e l u t i n g   w i th   5%  e t h y l a c e t a t e : m e t h y l e n e  

c h l o r i d e ;   c o l l e c t   the   e l u a t e s   and  e v a p o r a t e .   D i s -  

s o l v e   the   r e s u l t i n g   bromo  i n t e r m e d i a t e   in  d i m e t h y l -  
fo rmamide   300  ml) .   Add  t r i p h e n y l p h o s p h i n e   (30  g ) .  
S t i r   the   r e a c t i o n   m i x t u r e   for   15  h o u r s   at  r oom 

t e m p e r a t u r e   under   an  a rgon  b l a n k e t .   D i l u t e   t h e  

s o l u t i o n   w i t h   e t h y l a c e t a t e   (500  ml ) ,   wash  w i t h  

10%  aqueous   sodium  b i c a r b o n a t e ,   t h e n   w i t h   b r i n e ,  



dry  over   sodium  s u l f a t e   and  e v a p o r a t e   under   r e -  
duced  p r e s s u r e .   C h r o m a t o g r a p h   the  r e s u l t i n g   c r u d e  

p r o d u c t i o n   on  s i l i c a   ge l   (1.5  kg) .   E l u t e   w i th   20% 

e t h y l a c e t a t e : h e x a n e   to  a f f o r d   ( 3 S , 4 R , 5 R ) - 3 - ( 1 ' - t r i -  

c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 1 - ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l i d e n e - 2 " - a c e t a t e ) - 4 - t r i t y l t h i o -  
2 - a z e t i d i n o n e .  

C.  Add  to  a  m i x t u r e   of  5.73  g  ( 3 S , 4 R , 5 R ) - 3 - ( l ' - t r i -  
c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 1 -   ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l i d e n e - 2 " - a c e t a t e ) - 4 - t r i t y l t h i o -  
2 - a z e t i d i n o n e   in  57  ml  m e t h a n o l   s u f f i c i e n t   m e t h y l -  
ene  c h l o r i d e   to  c ause   s o l u t i o n .   Cool  the  s o l u t i o n  

to  0°C  and  add  0.92  ml  p y r i d i n e ,   f o l l o w e d   d r o p w i s e ,  

over   a  10  m i n u t e   p e r i o d ,   by  a  s o l u t i o n   of  1.73  g  
s i l v e r   n i t r a t e   in  8  ml  w a t e r .   A f t e r   f i v e   m i n u t e s ,  

pour  the  r e a c t i o n   m i x t u r e   over   100  ml  ice   w a t e r .  

S e p a r a t e   the  m e t h y l e n e   c h l o r i d e   l a y e r   and  e x t r a c t  
the  r e m a i n i n g   w a t e r   l a y e r   twice   wi th   50  ml  p o r -  
t i o n s   of  e t h y l   a c e t a t e .   Combine  the  m e t h y l e n e  
c h l o r i d e   l a y e r   and  e t h y l   a c e t a t e   l a y e r s ,   wash  f i v e  
t imes   wi th   100  ml  p o r t i o n s   of  co ld   w a t e r   and  t h e n  

e v a p o r a t e   to  g ive   the  t i t l e   compound .  

PREPARATION  N 

( 4 R , 3 S , 5 R , 4 ' R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l - 4 ' - a m i n o - 4 ' - a l l y l -  

o x y c a r b o n y l b u t y r o y l ) - t h i o - 1 - [ 2 " - ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l - a c e t a t e ) ] - a z e t i d i n - 2 - o n e  

Method  A: 

Add  i s o b u t y l c h l o r o f o r m a t e   (0.15  ml)  d r o p w i s e   to  a  
s o l u t i o n   of  N - a l l y l o x y c a r b o n y l - D - g l u t a m i c   a c i d  



a - a l l y l   e s t e r   (0 .32   g)  and  p y r i d i n e   (0 .1   ml)  i n  

dry  t e t r a h y d r o f u r a n   (3  ml)  at  -20°  C.  A f t e r   15 

m i n u t e s ,   a d d  a   s o l u t i o n   of  the  t i t l e   compound  o f  
P r e p a r a t i o n  M   (0 .8   g)  in  t e t r a h y d r o f u r a n   (8  ml)  t o  
the  r e a c t i o n   m i x t u r e   which  then  s t i r   at  -20°   C  f o r  

1  hour  and  then   warm  to  room  t e m p e r a t u r e .   D i l u t e  

the  m i x t u r e   wi th   e t h y l   a c e t a t e ,   f i l t e r ,   wash  w i t h  
5%  sodium  b i c a r b o n a t e ,   dry  and  e v a p o r a t e .   C h r o -  

ma tog raph   the  c rude   r e a c t i o n   p r o d u c t   on  s i l i c a   g e l  
(20  g) .   E l u t e   wi th   40%  e t h y l   a c e t a t e / b e n z e n e   t o  
a f f o r d   the  t i t l e   compound,  0.27  g,  [ @ ] D 2 6 = + 2 . 7 °  
( c = 0 . 8 ,   C H C l 3 ) .  

Method  B: 

Tc  a  s o l u t i o n   of  N - a l l y l o x y c a r b o n y l - D - g l u t a m i c  
t h i o l a c i d   a - a l l y l   e s t e r   (2 .8  g)  and  sodium  b i c a r -  

b o n a t e   ( 0 .84   g)  in  wa te r   (15  ml)  and  t e t r a h y d r o -  
f u r a n   (15  ml)  add  ( 3 S , 4 R , S R ) - 4 - a c e t o x y - 3 - ( 1 - t r i -  
c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - a z e t i d i n - 2 - o n e   ( 3 . 2  

g) ,   s t i r   the  m i x t u r e   o v e r n i g h t ;   d i l u t e   w i th   w a t e r  

and  e x t r a c t   wi th   e t h y l   a c e t a t e   to  a f f o r d   ( 3 S , 4 R , 5 R )  
- 4 - ( N - a l l y l o x y c a r b o n y l - D - g l u t a m y l   a - a l l y l   e s t e r )  

t h i o - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - a z e -  
t i d i n - 2 - o n e .   T r e a t   a  so lu t ion  of   the  l a t t e r   p r o d u c t  
in  m e t h y l e n e   c h l o r i d e   (50  ml)  wi th   a l l y l g l y o x y -  
l a t e   (1 .3   g)  and  t r i e t h y l a m i n e   ( 0 .01   ml ) .   A f t e r  
30  m i n u t e s ,   cool   the  m i x t u r e   to  -10°   C,  add  m e s y l  



b r o m i d e   (2.4  g)  in  one  l o t   f o l l o w e d   d r o p w i s e   b y  
a  s o l u t i o n   of  t r i e t h y l a m i n e   (1.5  g)  in  m e t h y l e n e  
c h l o r i d e   (10  ml)  wh i l e   m a i n t a i n i n g   the  t e m p e r a t u r e  
be low  5°  C .   A f t e r   30  m i n u t e s   t r e a t   the  r e a c t i o n  
m i x t u r e   wi th   t r i p h e n y l p h o s p h i n e   (4 .0  g)  in  d i -  

m e t h y l f o r m a m i d e   (30  m l )  ,   then  c o n c e n t r a t e   t h e  
s o l u t i o n   to  about   30  ml  and  a l low  i t   to  s t a n d  

at  room  t e m p e r a t u r e   o v e r n i g h t .   D i l u t e   the  r e -  
a c t i o n   m i x t u r e   wi th   w a t e r ,   i s o l a t e   the  c r u d e  

p r o d u c t   by  e x t r a c t i o n   wi th   e t h y l   a c e t a t e   a n d  

p u r i f y   by  c h r o m a t o g r a p h y   on  s i l i c a   gel  as  d e s -  

c r i b e d   in  Method  A,  to  a f f o r d   the  t i t l e   c o m p o u n d .  

Using   the  a p p r o p r i a t e   p r o t e c t e d   amino  a c i d / t h i o l -  

a c i d   of  P r e p a r a t i o n . H   and  f o l l o w i n g   the  p r o c e d u r e s  
d e s c r i b e d   in  Method  A  o r  M e t h o d   B,  o b t a i n   t h e  

f o l l o w i n g   c o m p o u n d s :  

( 4 R , 3 S , 5 R , 4 ' S )   3 - ( l - t r i c h l o r c e t h o x y c a r b o n y l o x y -  
e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l   4 ' - a m i n o - 4 ' - a l l y l -  
o x y c a r b o n y l b u t y r o y l ) t h i o - l - [ 2 " - ( a l l y l - 2 " - t r i -  
p h e n y l p h o s p h o r a n y l   a c e t a t e ) ] - a z e t i d i n - 2 - o n e :  

( 4 R , 3 S , 5 R , 3 ' R )   3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  
e t h y l ) - 4 - ( N - a l l y l o x y   c a r b o n y l   3 ' - a m i n o - 3 ' - a l l y l -  

o x y c a r b o n y l   p r o p i o n y l ) - t h i o - l - [ 2 " - ( a l l y l   2 " -  

t r i p h e n y l p h o s p h o r a n y l   a c e t a t e ) ] -   a z e t i d i n - 2 - o n e :  



( 4 R , 3 S , 5 R , 3 ' R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l - 3 ' - a m i n o - 3 ' - a l l y l -  

o x y c a r b o n y l p r o p i o n y l ) - t h i o - l - [ 2 " - ( a l l y l - 2 " - t r i -  

p h e n y l - p h o s p h o r a n y l - a c e t a t e ) ] - a z e t i d i n - 2 - o n e :  

( 4 R , 3 S , 5 R , 5 ' R S ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l - 5 ' - a m i n o - 5 ' - a l l y l -  

o x y c a r b o n y l v a l e r y l ) - t h i o - 1 - [ 2 " - ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l - a c e t a t e ) ] - a z e t i d i n - 2 - o n e .  

PREPARATION  0 

( 4 R , 3 S , 5 R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 -  

( N - a l l y l o x y c a r b o n y l - i s o n i p e c o t i n y l ) t h i o - l - [ 2 " - ( a l l y l -  

2 " - t r i p h e n y l p h o s p h o r a n y l - a c e t a t e ) - a z e t i d i n - 2 - o n e  

Coo l  +o   -20°C  a  s o l u t i o n   of  N - a l l y l o x y c a r b o n y l  

i s o n i p e c o t i c   a c i d   (1.68  g)  in  dry  t e t r a h y d r o f u r a n  
(17  ml)  c o n t a i n i n g   p y r i d i n e   (1.27  ml)  and  w h i l s t  
s t i r r i n g   add  d r o p w i s e   a  s o l u t i o n   of  m e t h y l c h l o r o -  
f o r m a t e   (0.61  ml)  in  t e t r a h y d r o f u r a n   (3  ml)  d u r i n g  
7  m i n u t e s .   S t i r   the   m i x t u r e   for   20  m i n u t e s .   Add  t o  
the   r e a c t i o n   m i x t u r e   over   a  p e r i o d   of  15  m i n u t e s  
5.5  g  of  a  s o l u t i o n   of  ( 3 S , 4 R , 5 R ) - s i l v e r - 3 - ( 1 ' -  

t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 1 - ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l i d e n e - 2 " - a c e t a t e ) - 2 - a z e t i d i n o n e -  
4 - t h i o l a t e   in  t e t r a h y d r o f u r a n   (20  ml) .   S t i r   t h e  
mix tu re   at  -15°C  fo r   1  hour   and  then   at   r o o m  

t e m p e r a t u r e   for   45  m i n u t e s ;   d i l u t e   the   r e a c t i o n  



m i x t u r e   w i th   150  ml  e t h y l   a c e t a t e   and  f i l t e r .  

Wash  the   f i l t r a t e   wi th   b r i n e ,   dry  and  e v a p o r a t e .  

C h r o m a t o g r a p h   the  c rude   p r o d u c t   on  s i l i c a   g e l  

(45  g) .   E l u t e   w i th   50%  e t h y l   a c e t a t e  -   hexane  t o  

o b t a i n   the   t i t l e   compound .  

PREPARATION  P 

( 4 R , 3 S , 5 R ) - 3 - ( l - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 -  

( N - a l l y l o x y c a r b o n y l - n i p e c o t i n y l ) t h i o - 1 - [ 2 " - ( a l l y l -  

2 " - t r i p h e n y l p h o s p h o r a n y l - a c e t a t e ) ] - a z e t i d i n - 2 - o n e  

A  s o l u t i o n   of  N - a l l y o x y c a r b o n y l   n i p e c o t i c   a c i d  

(1.68  g)  in  dry  t e t r a h y d r o f u r a n   (17  ml)  c o n t a i n i n g  

p y r i d i n e   (1.27  ml)  was  c o o l e d   to  -20°C  and  s t i r r e d  

w h i l e   a d d i n g   d r o p w i s e   a  s o l u t i o n   of  m e t h y l c h l o r o -  

f o r m a t e   (0 .61  ml)  in  t e t r a h y d r o f u r a n   (3  ml)  d u r i n g  

7  m i n u t e s .   The  m i x t u r e   was  s t i r r e d   fo r   20  m i n u t e s .  

A  s o l u t i o n   of  (3S,  4 R , 5 R ) - s i l v e r - 3 - ( 1 ' - t r i c h l o r o -  

e t h o x y c a r b o n y l o x y e t h y l ) - 1 - ( a l l y l - 2 " - t r i p h e n y l -  

p h o s p h o r a n y l i d e n e - 2 " - a c e t a t e ) - 2 - a z e t i d i n o n e - 4 -  

t h i o l a t e   (5.5  g)  in  t e t r a h y d r o f u r a n   (20  ml)  was 

then   added  d r o p w i s e   to  the  r e a c t i o n   m i x t u r e   d u r i n g  

15  m i n u t e s .   The  m i x t u r e   was  s t i r r e d   a t   -15°C  f o r  

1  hour   and  at   room  t e m p e r a t u r e   fo r   45  m i n u t e s ,   t h e n  

d i l u t e d   with 150  ml  e t h y l   a c e t a t e   and  f i l t e r e d -   The 

f i l t r a t e   was  washed  wi th   b r i n e ,   d r i e d   and  e v a p o r a t e d .  

The  c r u d e   p r o d u c t   was  c h r o m a t o g r a p h e d   on  s i l i c a   g e l  

(45  g) .   E l u t i o n   w i th   50%  e t h y l   a c e t a t e  -   hexane   gave 
the   t i t l e   compound.  M.S.:   m/e  874  (M+) 



EXAMPLE  1 

( 3 S , 4 R , 5 R , 2 ' R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - [ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' - m e t h y l t h i o -  

b u t y r o y l ) t h i o ] - 2 - a z e t i d i n o n e  

D i s s o l v e   N - a l l y l o x y c a r b o n y l - B - 2 - a m i n o - 4 - m e t h y l -  

t h i o - t h i o b u t y r i c   acid   ( p r e p a r e d   as  d e s c r i b e d   i n  

P r e p a r a t i o n   A)  in  20  ml  water   and  3.6  g  s o d i u m  

b i c a r b o n a t e .   To  t h i s   s o l u t i o n   add  13.4  g  o f  

4 - a c e t o x y - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l )  

a z e d i t i d i n - 2 - o n e   ( p r e p a r e d   as  d e s c r i b e d   in  P r e p a -  
r a t i o n   L  of  t h i s   s p e c i f i c a t i o n )   d i s s o l v e d   i n  

100  ml  p o r t i o n s   of  e thy l   a c e t a t e .   S t i r   the  s o l u -  

t i on   for  16  hours  then  e x t r a c t   with  100  m1 

p o r t i o n s   of  e thy l   a c e t a t e .   Combine  the  e x t r a c t s ,  
wash  t h r e e   time  with  100  ml  p o r t i o n s   of  w a t e r  

and  dry  over  sodium  s u l f a t e .   E v a p o r a t e   the  s o l -  

ve tns   to  a f f o r d   a  r e s i d u e   which  is  p u r i f i e d   by 

c h r o m a t o g r a p h y   on  300  g  s i l i c a   gel  to  a f f o r d   t h e  

t i t l e   compound  h a v i n g  

Mass  s p e c t r a ,   M  =   538;  a n d  

NMR:  δ=  1.45  ( d , J   =  7  c p s ) ;   2 .08 ;   2.5  (m),  3 . 3 8  

( d d , J   =  2,7  c p s ) ;   5.25  (d,  J  =  2  c p s ) .  



B.  ( 3 S , 4 R , 5 R , 2 ' R ) - 1 - ( 1 " - a l l y l o x y c a r b o n y l - 1 " - h y d r o x y -  
m e t h y l ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 -  
[ ( 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' - m e t h y l t h i o b u t y r o y l )  

t h i o ] - 2 - a z e t i d i n o n e  

Add  to  a  s o l u t i o n   of  20  g  of  ( 3 S , 4 R , 5 R , 2 ' R ) - 3 -  

( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 - [ 2 ' - a l l y l -  

o x y c a r b o n y l - a m i n o - 4 ' m e t h y l t h i o b u t y r o y l ) t h i o ] - 2 -  
a z e t i d i n o n e   and  5.39  g  2 - a l l y l o x y - 2 - h y d r o x y a c e t i c  

ac id   a l l y l   e s t e r   in  100  ml  m e t h y l e n e   c h l o r i d e   a  

m i x t u r e   of  1  ml  of  m e t h y l e n e   c h l o r i d e   and  0 . 0 5 1 3  

ml  t r i e t h y l a m i n e .   S t i r   the   r e s u l t i n g   s o l u t i o n   f o r  

f i f t e e n   m i n u t e s ,   whereupon   t h i n   l a y e r   c h r o m a t o -  

g r a p h y   i n d i c a t e s   f o r m a t i o n   of  the  t i t l e   p r o d u c t .  

C.  ( 3 S , 4 R , 5 R , 2 ' R )   - 1 - ( 1 " - a l l y l o x y c a r b o n y l - 1 " - b r o m o -  

m e t h y l ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4  -  

[ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' -   m e t h y l t h i o b u t y r o y l )  
t h i o ] 2 - a z e t i d i n o n e  

Cool  a  s o l u t i o n   of  ( 3 S , 1 R , 5 R , 2 ' R ) - 1 - ( 1 " - a l l y l o x y -  

c a r b o n y l - l " - h y d r o x y m e t h y l ) - 3 - ( 1 - t r i c h l o r o e t h o x y -  

c a r b o n y l o x y e t h y l ) - 4 - [ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' -  

m e t h y l t h i o b u t y r o y l ) t h i o ] - 2 - a z e t i d i n o n e   in  m e t h y l e n e  
c h l o r i d e   to  abou t   -10°   C.  Add  t h e r e t o   5.9  g  m e s y l  
b romide   in  one  p o r t i o n   wi th   s t i r r i n g .   Then  add  a  
s o l u t i o n   of  5.13  ml  t r i e t h y l a m i n e   in  10  ml  m e -  

t h y l e n e   c h l o r i d e   d r o p w i s e   over  a  p e r i o d   of  a b o u t  

t en   m i n u t e s .   C h r o m a t o g r a p h   the  r e a c t i o n   m i x t u r e   o n  
s i l i c a   ge l   u s i n g   5:95  e t h y l a c e t a t e : m e t h y l e n e  
c h l o r i d e   to  a f f o r d   the  t i t l e   p r o d u c t .  



D.  A l l y l - ( 3 S , 4 R , 5 R , 2 ' R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) - 4 - [ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' m e t h y l -  

t h i o b u t y r o y l ) - t h i o ] - 2 -   a z e t i d i n o n - 1 - y l - 2 " - t r i -  
p h e n y l p h o s p h o r a n y l - 2 " - a c e t a t e  

To  a  s o l u t i o n   of  ( 3 S , 4 R , 5 R , 2 ' R ) - 1 - ( 1 " - a l l y l o x y -  

c a r b o n y l - 1 " - b r o m o m e t h y l ) - 3 - ( 1 - t r i c h l o r o e t h o x y -  

c a r b o n y l o x y e t h y l ) - 4 - [ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' -  

m e t h y l t h i o b u t y r o y l ) t h i o ] - 2 - a z e t i d i n o n e   in  100  ml 

d i m e t h y l f o r m a m i d e   under   a  n i t r o g e n   a t m o s p h e r e   a d d  

14.5  g  t r i p h e n y l p h o s p h i n e .   S t i r   the   s o l u t i o n   u n t i l  

homogeneous ,   then  a l low  i t   to  s t a n d   at  room  t e m -  

p e r a t u r e f o r   about   19  h o u r s .   D i l u t e   the  r e a c t i o n  

m i x t u r e   wi th   100  ml  w a t e r   and  e x t r a c t   t w i c e   w i t h  

200  ml  p o r t i o n s   of  e t h y l   a c e t a t e .   Combine  the  e x -  

t r a c t s ,   wash  s ix   t imes   wi th   50  ml  p o r t i o n s   o f  

w a t e r   and  then   once  wi th   b r i n e .   E v a p o r a t e   t h e  

s o l v e n t s   to  a f f o r d   a  r e s i d u e   which  then  c h r o m a t o -  

g r a p h   on  200  g  s i l i c a   g e l ,   u s i n g   10:90  e t h y l  

a c e t a t e : m e t h y l e n e   c h l o r i d e   as  e l u a n t ,   to  g ive   t h e  

t i t l e   compound  as  a  c o l o r l e s s   s o l i d   h a v i n g  

a n d  

NMR:  δ = 4 . 2 2   ( d d , J   =  2,8  c p s ) ;   5.61  ( d , J  =   2  c p s ) .  

E.  A 1 1 y 1 - ( 5 R , 6 S , 8 R , - 1 ' R ) - 6 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) - 2 - [ N - a l l y l o x y c a r b o n y l - ( 1 ' - a m i n o - 3 ' -  

m e t h y l t h i o )  - p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l a t e  

R e f l u x   a  s o l u t i o n   of  16  g  of  a l l y l - ( 3 S , 4 R , 5 R , 2 ' R )  

- 3 - ( l - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 4 - [ ( 2 ' a l l y l -  

o x y c a r b o n y l - a m i n o - 4 ' - m e t h y l t h i o b u t y r o y l ) t h i o ] - 2 -  

a z e t i d i n o n e - 1 - y l - 2 " - t r i p h e n y l p h o s p h o r a n y l - 2 " -  

a c e t a t e   in  1.8  l i t e r s   b e n z e n e   under   a  n i t r o g e n   a t -  

m o s p h e r e   for   34  h o u r s .   Then  remove  the  s o l v e n t   by  



e v a p o r a t i o n   and  app ly   the  r e s i d u e   as  a  b e n z e n e  

s o l u t i o n   to  a  150  g  s i l i c a   gel  column.   C h r o m a t o -  

g raph   u s i n g   20:80  e t h y l   a c e t a t e : p e t r o l e u m   e t h e r  
(30-600)   as  e l u a n t   to  a f f o r d   the   t i t l e   compound  

h a v i n g  

NMR:  =1.54  ( d , J = 7 c p s ) , 2 . 1 5   ( s ) ;   2.59  (m);  

δ 3 . 9 7   ( d d , J  =   1 .5 ,   7  c p s ) ;   4 .85  ( s ) ;  

5.67  (d , J   =  1.5  c p s ) .  

F.  A l l y l - ( 5 R , 6 S ; 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ N - a l l y l -  

o x y c a r b o n y l - ( 1 ' - a m i n o - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 -  

p e n e m - 3 - c a r b o x y l a t e  

Cool  a  s o l u t i o n   of  a l l y l - ( 5 R , 6 S , 8 R , l ' R ) - 6 - ( - t r i -  

c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 2 - [ N - a l l y l o x y c a r b o n y l -  

( 1 ' - a m i n o - 3 ' - m e t h y i t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l -  

a te   in  4  ml  t e t r a h y d r o f u r a n   to  - 150 to   20°  C.  T h e n  

add  1.2  ml  g l a c i a l   a c e t i c   a c i d   and  1.2  ml  w a t e r ,  
f o l l o w e d   by  0.4  g  z inc   in  p o r t i o n s   over   a  3 - 1 / 2  

hour  p e r i o d . . W h e n   the  r e a c t i o n   p r o c e e d s   no  f u r t h e r ,  

add  20  ml  e t h y l   a c e t a t e   and  f i l t e r   the   m i x t u r e .  

Wash  the  z inc   r e s i d u e   t h r e e   t imes   wi th   20  ml  p o r -  
t i o n s   of  e t h y l   a c e t a t e .   Add  t h e s e   w a s h i n g s   to  t h e  

f i l t r a t e   and  wash  the   s o l u t i o n   s u c c e s s i v e l y   w i t h  

two  50  ml  p o r t i o n s   of  b r i n e ,   one  75  ml  p o r t i o n   of  10% 

NaHC03  and  two  50  ml  p o r t i o n s   of  b r i n e .   A f t e r   d r y i n g  
over   a n h y d r o u s   sodium  s u l f a t e ,   remove  the   s o l v e n t s  

and  c h r o m a t o g r a p h   the  r e s i d u e   on  7.6  g  s i l i c a   g e l .  



E l u t e   f i r s t   wi th   15 :85   h e x a n e / c h l o r o f o r m   and  t h e n  

c h l o r o f o r m   to  a f f o r d   the  t i t l e   p r o d u c t   as  a  w h i t e  
s o l i d   h a v i n g  

Mass  s p e c t r a :   M + = 4 4 2 ;  

NMR:  δ =  1.34  (d , J   =  7  c p s ) ;   2.13  ( s ) ;   2.56  (m) ;  

3.73  (dd , J   =  1 . 5 ,   7  c p s ) ;   5.57  (d , J   =  1.5  c p s ) .  

G.  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' -  

t h i o m e t h y l ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

To  a  s o l u t i o n   of  0.19  g  of  a l l y l - ( 5 R , 6 S , 8 R , 1 ' R ) - 6 -  

( 1 - h y d r o x y e t h y l ) - 2 - [ N - a l l y l o x y c a r b o n y l - ( 1 ' - a m i n o -  

3 ' - m e t h y l t h i o ) - p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l a t e   i n  

1.9  ml  e t h y l   a c e t a t e   under   n i t r o g e n   at  room  t e m -  

p e r a t u r e ,   add  0.12  g  t r i p h e n y l p h o s p h i n e ,   0 .072  g 
t e t r a k i s   ( t r i p h e n y l p h o s p h i n e )   p a l l a d i u m - ( 0 )   a n d  

0.94  ml  of  1.0  M  2 - e t h y l h e x a n o i c   ac id   (in  m e t h y l e n e  

c h l o r i d e ) .   A f t e r   s t i r r i n g   one  hour  remove  t h e  

s o l v e n t   and  d i l u t e   the  r e s i d u e   wi th   10  ml  
w a t e r   and  10  ml  c h l o r o f o r m .   S e p a r a t e   the  a q u e o u s  

l a y e r ,   wash  t en   t i m e s   wi th   c h l o r o f o r m .   Remove  t h e  

r e s i d u a l   c h l o r o f o r m   to  g ive   the  t i t l e   p r o d u c t   h a v i n g  

IR:  5 . 6 5 / u ;  

NMR:  ô =  1.3  ( d , J   =  7  c p s ) ;   2.13  ( s ) ;   2.68  (m) ;  

3 .97  ( d d , J  =  1 . 5 ,   7  c p s ) ;   5.76  ( d , J  =  

1 . 5  c p s ) .  



EXAMPLE  1 , . A .  

A .  A l l y l - ( 3 S , 4 R , 5 R , 2 ' R ) - 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) - 4 - [ 2 ' - a l l y l o x y c a r b o n y l a m i n o - 4 ' - m e t h y l -  

t h i o b u t y r o y l t h i o ] - 2 - a z e t i d i r i - 1 - y l - 2 " = t r i p h e n y l -  

p h o s p h o r a n y l - 2 " - a c e t a t e  

To  a  s o l u t i o n   of  N - a l l y l o x y c a r b o n y l - D - m e t h i o n i n e  
in  9  ml  of  f r e s h l y   d i s t i l l e d   t e t r a h y d r o f u r a n  
c o o l e d   to  abou t   -15°   C  and  m a i n t a i n e d   under   a  

n i t r o g e n   a t m o s p h e r e   add  0.64  ml  p y r i d i n e   and  0 . 3 1  

ml  m e t h y l   c h l o r o f o r m a t e   in  0.5  ml  t e t r a h y d r o f u r a n .  

To  the   r e s u l t a n t   N - a l l y l o x y c a r b o n y l - D - m e t h i o n i n e  
mixed  a n h y d r i d e   add  d r o p w i s e   over   a  t en   m i n u t e  

p e r i o d   2.08  ml  of  the   ( 3 S , 4 R , 5 R ) - s i l v e r - 3 - ( 1 ' -  

t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 1 - ( a l l y l - 2 " - t r i -  

p h e n y l p h o s p h o r a n y l i d i n e - 2 " - a c e t a t e ) - 2 - a z e t i d i n o n e -  
- 4 - t h i o l a t e .   S t i r   the  m i x t u r e   for   1 - 1 / 4   hour  a t  
-15o  to  -10°   C,  f i l t e r   and  t hen   d i l u t e   w i th   100  ml 

e t h y l   a c e t a t e .   Wash  the  m i x t u r e   t w i c e   w i t h   10% 

NaHCO3,  four   t imes   wi th   100  ml  p o r t i o n s   of  w a t e r  

and  dry  ove r   anhyd rous   sodium  s u l f a t e .   Remove  t h e  

s o l v e n t s   by  e v a p o r a t i o n   to  g ive   a  r e s i d u e   which  i s  

t h e n   c h r o m a t o g r a p h e d   on  40  g  s i l i c a   g e l .   E l u t e   w i t h  

30:70  e t h y l   a c e t a t e : h e x a n e   to  a f f o r d   the   t i t l e  

compound  as  a  w h i t e ,   p u f f y   s o l i d .  

B .  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ 1 ' - a m i n o -  

3 ' - t h i o m e t h y l ) p r o p y y ] - 2 - P e n e m - 3 - c a r b o x y l i c  a c i d  



Repeat   the  p r o c e d u r e s   d e t a i l e d   in  P a r a g r a p h s   E  t o  

G  of  Method  A  of  Example  1  to  a f f o r d   the   t i t l e  

compound .  

EXAMPLES  2  -   4 

Repea t   the  procedures  of  Example  1  u s i n g   a p p r o p r i a t e  

s t a r t i n g   m a t e r i a l s   to  o b t a i n   the  f o l l o w i n g   c o m p o u n d s :  

2.  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 1 ' - a m i n o -  
e t h y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

[@]D26  =  + 6 1 . 1 °   (c.  =  2 . 8 ,   H 2 0 ) ;  
IR:  5 . 6 2 µ ;   NMR:  δ = 1 . 2 7   (d , J   =  6  c p s ) ;  
1.52  (d , J   =  7  c p s ) ;   3.92  ( d d , J   =  1 . 6 , 6   c p s ) ;  
5.67  (d , J   =  1.6  c p s ) .  

3.  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 [ ( 1 ' a m i n o  

- 3 - c a r b o x y ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

IR:  5 . 6 4 µ ,   6 . 3 µ ;  

NMR:  δ = 1 . 2 7   (d , J   =  7  c p s ) ;   3.92  ( d d , J  =   7 ,  
1.9  c p s ) ;  5 . 7 1   (d , J   =  1.9  c p s ) .  

4.  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 2 ' -  

m e t h y l t h i o ) e t h y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

IR:  5 . 6 8 µ ;  

NMR  δ =  1.35  ( d , J  =   6.5  c p s ) ;   2.2  ( s ) ;   3 . 1  

( d , J   =  7  c p s ) ;   4.0  ( d d , J   =  5 ,  1 . 8   c p s ) ;  

5.8  (d , J   =  1 . 8   c p s )  ;  



EXAMPLE  5 

( 5 R , 6 S , S R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l - ) - 2 - [ N - a c e t i m i d o y l -  

( 1 ' - a m i n o - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y -  

l a t e ,   sodium  s a l t  

T r e a t   a  s o l u t i o n   of  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y -  

e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m  

- 3 - c a r b o x y l i c   a c i d   (0.3  g)  in  0.5  M  sodium  2 - e t h y l -  

h e x a n o a t e   s o l u t i o n   in  w a t e r   (2  ml)  w i th   e t h y l a c e t i -  

m i d a t e   (0.5  g)  at   20°  C.  S t i r   the   s o l u t i o n   f o r   30 

m i n u t e s   and  then   c h r o m a t o g r a p h   on  Dowex  50  x  4 ,  

e l u t e   w i th   wa t e r   and  l y o p h i l i z e   the  f r a c t i o n s   c o n -  

t a i n i n g   the   t i t l e   compound  to  g ive   the  t i t l e  

compound  h a v i n g :   IR:  5 . 6 8 µ .  

EXAMPLE  6 

( 5 R , 6 S ; 8 R , 1 ' R ) - 6 - ( 1 ' h y d r o x y e t h y l ) - 2 - [ 1 ' - g u a n i d o y l  

-3  ' m e t h y l t h i o ) p r o p y l ] - 2 - P e n e m - 3 - c a r b o x y l a t e ,  

sod ium  s a l t  

T r e a t   a  s o l u t i o n   of  the   t i t l e   compound  from  E x a m p l e  

1  (0.3  g)  in  aqueous  0.5  M  sodium  2 - e t h y l h e x a n o a t e '  

(4  ml)  w i th   S - b e n z y l   t h i o u r e a   h y d r o c h l o r i d e   (0.3  g) 

fo r   1  h o u r .   I s o l a t e   the  t i t l e   compound  by  r e v e r s e  

phase   HPLC .  IR:  5 . 6 8 µ .  



U t i l i z i n g   s u i t a b l e   s t a r t i n g   m a t e r i a l s   and  s u b s t a n t i -  
a l l y   r e p e a t i n g   the  p r o c e d u r e s   d e s c r i b e d   above  p r o -  
duce  compounds  of  f o r m u l a   A: 





EXAMPLE  7 

A.  ( 5 R , 6 S , 8 R , 3 ' R )   a l l y l - 6 - ( l - t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) - 2 - ( N - a l l y l o x y c a r b o n y l   3 ' - a m i n o - 3 ' a l l y l -  
o x y c a r b o n y l - p r o p y l - 2 - p e n e m - 3 - c a r b o x y l a t e  

R e f l u x   a  s o l u t i o n   of  the  t i t l e   compound  of  P r e -  
p a r a t i o n   I  (0 .26   g)  in  t o l u e n e   (25  ml)  for   3  h o u r s  
unde r   n i t r o g e n .   E v a p o r a t e   the  s o l u t i o n   under   r e -  
duced  p r e s s u r e   and  c h r o m a t o g r a p h   the  r e s i d u e   on  
s i l i c a   gel  (3  g) .   E l u t e   the  t i t l e   c o m p o u n d ( 0 . 1 4 1  
g)  wi th   e t h y l   a c e t a t e : h e x a n e   ( 2 : 6 ) .  

M.S.:   m/e  654  (M+) 

NMR:  δ = 1 . 4 7   (d,  3H,  J=6 .6   c p s ) ,   1 . 6 4 - 2 . 4 2  

(m,  2H),  3 .87  (dd,  1H,  J '=2 .4 ,   9  c p s ) ,  



B.  ( 5 R , 6 S , 8 R , 3 ' R )   a l l y l   6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a l l y l -  

o x y c a r b o n y l   3 ' - a m i n o - 3 ' - a l l y l o x y c a r b o n v l ) o r o p y l - 2 -  

p e n e m - 3 - c a r b o x y l a t e  

S t i r   a  s o l u t i o n   of  the  t i t l e   compound  of  s t e p   A  o f  

t h i s   Example  ( 0 . 1 6 7   g)  in  t e t r a h y d r o f u r a n : w a t e r :  
a c e t i c   a c i d   ( 2 : 0 . 5 : 0 . 5   ml)  wi th   z inc   d u s t   (0 .2   g )  
u n t i l   t h i n   l a y e r   c h r o m a t o g r a p h y   shows  the  r e a c t i o n  

is  c o m p l e t e .   D i l u t e   the  m i x t u r e   wi th   e t h y l   a c e t a t e  
(30  ml) ,   f i l t e r   and  wash  the  f i l t r a t e   in  s u c c e s s i o n  

wi th   b r i n e ,   aqueous   sodium  b i c a r b o n a t e   and  b r i n e ,  
then  dry  over   sodium  s u l f a t e   and  e v a p o r a t e   u n d e r  
r e d u c e d   p r e s s u r e . c h r o m a t o g r a p h   the  r e s i d u e   on  
s i l i c a   ge l   (5  g ) .   E l u t e   with  5%  a c e t o n e - c h l o r o f o r m  

to  a f f o r d   the  t i t l e   compound,  0.14  g,  m.p.  6 7 -  
6 8 ° ;  

IR:  5 . 6 2 µ ;  
M.S.:   m/e  480  (M+); 
NMR:  δ = 1 . 2 1   (d,  3H,  J=6  c p s ) ,   3 .61  (dd,  IH ,  

J=6,   2 c p s ) ,   5.47  (d,  1H,  J=2  c p s ) .  



C.  ( 5 R , 6 S , 8 R , 3 ' R )  6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - a m i n o  

- 3 ' - c a r b o x y ) p r o p y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

monosodium  s a l t  

Add  t r i p h e n y l   p h o s p h i n e   (0.04  g)  and  t e t r a k i s   p a l -  
l ad ium  t r i p h e n y l p h o s p h i n e   (0.06  g)  to  a  s o l u t i o n  
of  t he   t i t l e   compound  of  Step  B  (80  mg)  in  a 
m i x t u r e   of  2.4  ml  of  1M  p y r i d i n i u m   f o r m a t e   and  0 . 2 4  
ml  1  M  p y r i d i n e   in  m e t h y l e n e   c h l o r i d e   under   n i t r o -  
gen.   S t i r   the  m i x t u r e   fo r   one  hour  and  c e n t r i f u g e .  
Wash  the   s o l i d   s e v e r a l   t imes   by  r e s u s p e n d i n g   and  
c e n t r i f u g i n g ,   wi th   m e t h y l e n e   c h l o r i d e / e t h y l   a c e t a t e .  
Then  s u s p e n d   the  s o l i d   in  0.5  M  sodium  2 - e t h y l  
h e x a n o a t e   in  e t h y l   a c e t a t e   fo r   10  m i n u t e s   and  
c e n t r i f u g e   and  wash  by  c e n t r i f u g a t i o n   wi th   e t h y l  
a c e t a t e   and  e t h e r   to  a f f o r d   the  t i t l e   compound ,  
34  mg.  

IR:  5 . 6 5 µ ;  
NMR: δ  = 1 . 2 7   (d,  3H,  J=6  cps) ,   3.83  ( d d ,  

lH,  J=8,  2  c p s ) ,   5.61  (d,  lH,  J=2  

c p s ) .  



EXAMPLE  8 

Repea t   the   p r o c e d u r e   of  Example  7  bu t   u s i n g   a s  

s t a r t i n g   m a t e r i a l :  

a)  ( 4 R , 3 S , 5 R , 4 ' S ) 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l - 4 ' - a m i n o - 4 ' - a l l y l o x y  

c a r b o n y l b u t y r o y l ) t h i o - l - [ 2 " - a l l y l - 2 " t r i p h e n y l -  

p h o s p h o r a n y l   a c e t a t e ] a z e t i d i n - 2 - o n e ;  

b)  ( 4 R , 3 S , 5 R , 3 ' R ) 3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y -  

e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l - 3 ' - a m i n o - 3 ' - a l l y l o x y  

c a r b o n y l   p r o p i o n y l ) t h i o - l - [ 2 " - a l l y l - 2 " - t r i p h e n y l -  

p h o s p h o r a n y l   a c e t a t e ] a z e t i d i n - 2 - o n e ;  

c)  ( 4 R , 3 S , 5 R , 3 ' S )   3 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l -  
o x y e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l   3 ' - a m i n o - 3 ' -  

a l l y l o x y c a r b o n y l   p r o p i o n y l ) t h i o - 1 -   [ 2 " - ( a l l y l  
2 " - t r i p h e n y l p h o s p h o r a n y l   a c e t a t e ) J  - a z e t i d i n  

- 2 - o n e  



d)  ( 4 R , 3 S , 5 R , 5 ' R S )   3 - ( t r i c h l o r o e t h o x y c a r b o n y l -  

o x y e t h y l ) - 4 ( N - a l l y l o x y c a r b o n y l   5 ' - a m i n o - 5 '   a l l y l -  

o x y c a r b o n y l - v a l e r y l ) - t h i o - 1 - [ 2 " - a l l y l - 2 " -  

t r i p h e n y l p h o s p h o r a n y l   a c e t a t e ] - a z e t i d i n - 2 - o n e ;  

and  o b t a i n   r e s p e c t i v e l y :  

a)  ( 5 R , 6 S , 8 R , 3 ' S )   6 - ( l - h y d r o x y e t h y l ) - 2 - ( 3 ' -  

a m i n o - 3 ' - c a r b o x y - p r o p y l ) - 2 -   p e n e m - 3 - c a r b o x y l i c  

a c i d ,   monosodium  s a l t  

IR:  5 . 5 0 µ ;  
NMR: δ  =1.25  (d,  3H,  j=6  c p s ) ,   3 . 7 9  

(dd,  lH,  J=6,   2  c p s ) ,   5.53  ( d ,  

1H,  J=2  c p s ) ;  

b)  ( 5 R , 6 S , 8 R , 2 ' R )   6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - a m i n o -  

2 ' - c a r b o x y - e t h y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

monosodium  s a l t  

IR:  5 . 6 8 µ ;  
N M R :  δ = 1 . 2 3   (d,  3H,  J=6 .8   c p s ) ,   3 . 8 3  

(dd,  1H,  J=8,   2  cps)  5.58  (d,  1H, 

J=2  c p s ) .  

c)  ( 5 R , 6 S , 8 R , 2 ' S )   6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - a m i n o  

- 2 ' - c a r b o x y   e t h y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

monosodium  s a l t  



N M R :  δ = 1 . 2 6   (d,  3H,  J=7  c p s ) ,   3 . 8 8  

(dd,  1H,  J=6,  2  c p s ) ,   5.61  ( d ,  

1H,  J=2  c p s ) .  

d)  ( 5 R , 6 S , 8 R , 4 ' R S )   6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' - a m i n o  

- 4 ' - c a r b o x y b u t y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d .  

EXAMPLE  9 

( 5 R , 6 S , 8 R , 3 ' R )   6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a c e t i m i d o y l  

3 ' - a m i n o - 3 ' - c a r b o x y p r o p y l ) - 2 - p e n e m - 3 - c a r b o x y l i c  

a c i d ,   sodium  s a l t  

S t i r   a  s o l u t i o n   of  ( 5 R , 6 S , 8 R , 3 ' R )   6 - ( 1 - h y d r o x y e t h y l )  

-2-   ( 3   - a m i n o -  3 ' - c a r b o x y )   p r o p y l - 2 - p e n e m - 3 - c a r b o x y l i c  

ac id   sodium  s a l t   (0 .3g)   in  wa t e r   (3  ml)  at  1 0 ° C  .  

wi th   sodium  b i c a r b o n a t e   (0.09  g)  and  e t h y l a c e t i m i -  

d a t e   (0.1  g)  for   30  m i n u t e s .   L y o p h y l i z e   the  s o l u -  

t i o n s   and  p u r i f y   the  c rude   p r o d u c t   by  HPLC  on  C18 
-  s i l i c a   ge l   to  a f f o r d   the   t i t l e   compound  

IR:  5 . 6 8 µ .  

E X A M P L E   10 

( S R , 6 S , 8 R , 3 ' R )  6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - g u a n i d o - 3 '  

c a r b o x y - p r o p y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,   s o d i u m  

s a l t  



A  s o l u t i o n   of  ( 5 R , 6 S , 8 R , 3 ' R )   6 - ( 1 - h y d r o x y e t h y l ) -  

2 - ( 3 ' a m i n o - 3 ' - c a r b o x y ) p r o p y l - 2 - p e n e m - 3 - c a r b o x y l i c  

a c i d ,   sodium  s a l t   from  Example  1  (0 .15  g)  in  w a t e r  
(1.5  ml)  at  10°  C  is  s t i r r e d   wi th   sodium  b i c a r b o n -  

a t e   (0 .040   g)  and  S - b e n z y l   t h i o u r e a   h y d r o c h l o r i d e  
(0 .083g)   for   1  hour .   The  s o l u t i o n   is  t hen   l y o p h y l -  
i z e d   and  the   t i t l e   compound  is  o b t a i n e d   by  c h r o m a -  

t o g r a p h i n g   the  c rude   l y o p h y l i z e d   p r o d u c t   on  C 1 8  -  
s i l i c a   g e l .  

IR:  5 . 6 8 µ .  

EXAMPLE  11 

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' - p i p e r i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

R e f l u x   a  s o l u t i o n   of  ( 4 R , 3 S , 5 R ) - 3 - ( l - t r i c h l o r o -  

e t h o x y c a r b o n y l o x y e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l  

i s o n i p e c o t i n y l ) t h i o - 1 - [ 2 " - ( a l l y l - 2 " - t r i p h e n y l -  

p h o s p h o r a n y l   a c e t a t e ) ] - a z e t i d i n - 2 - o n e   (1.57  g)  i n  

benzene   (160m1) under  n i t r o g e n   for   12  d a y s .   E v a p o -  

r a t e   t he   s o l u t i o n   to  d r y n e s s   and  c h r o m a t o g r a p h  

the  r e s i d u e   on  s i l i c a   gel  (30  g) .   E l u t e   w i th   30% 

e t h y l   a c e t a t e  -   hexane   to  o b t a i n   a l l y l   ( 5 R , 6 S , 8 R )  

6 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) - 2 - ( 4 ' -  

p i p e r d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l a t e .  

[@]D+103.8°  ( c=0 .8 ,   c h l o r o f o r m ) ;   M.S.  m/e  596;  

NMR:  6=1.50  ( d ,3H , J=6   c p s ) ,   3.86  ( d d , I H , J = 2 , 7   c p s ) ,  

4.77  (S,2H)  5.55  ( d , I H , J = 2   c p s )  



B.  D i s s o l v e   0.27  g  of  t he   p r o d u c t   from  s t e p   A  in  t e t r a -  

h y d r o f u r a n   (3  ml)  c o n t a i n i n g   g l a c i a l   a c e t i c   a c i d  

(0.85  ml)  and  w a t e r   (0.85  ml) .   Cool  the   s o l u t i o n  

to  -15°C  and  add  z inc   d u s t   (0.25  g)  in  sma l l   l o t s  

d u r i n g   2  hours   w h i l e   s t i r r i n g   the  m i x t u r e   v i g o r o u s l y .  

A f t e r   a  f u r t h e r   30  m i n u t e s   f i l t e r   the   m i x t u r e ,  

d i l u t e   the   f i l t r a t e   w i th   b r i n e   and  e x t r a c t   w i t h  

e t h y l   a c e t a t e .   Wash  the   e x t r a c t   w i th   5%  a q u e o u s  
sodium  b i c a r b o n a t e ,   t hen   w i t h   b r i n e ,   dry  and  e v a p o -  

r a t e   under   r e d u c e d   p r e s s u r e .   C h r o m a t o g r a p h   t h e  

r e s i d u e   on  s i l i c a   ge l   (2  g) .   E l u t e   w i t h   c h l o r o -  

form  to  o b t a i n   a l l y l   ( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) -  

2 - ( 4 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l a t e .  

[a]D  +103°  ( c = 2 . 0 ,   CHC13);  M.S.:   m/e  4 2 2 ;  

NMR:6=1.34  ( d , 3 H , J = 6 ' c p s ) ,   1.46  (m,4H),  2.26  (m, lH)  

3.69  ( d d , l H , J = 2 . 7   c p s ) ,   5.56  ( d , l H , J = 2   c p s )  

C.  S t i r   unde r   n i t r o g e n   0 .06g   of  a  s o l u t i o n   of  t h e  

p r o d u c t   from  s t ep   B  in  m e t h y l e n e   c h l o r i d e   (0.6  ml )  

c o n t a i n i n g   t e t r a k i s   ( t r i p h e n y l p h o s p h i n e )   p a l l a d i u m  
(0 .025  g),   t r i p h e n y l p h o s p h i n e   (0.04  g)  and  1M  2 -  

e t h y l h e x a n o i c   a c i d   in  m e t h y l e n e   c h l o r i d e   (0.32  m l ) .  

A  p r e c i p i t a t e   a p p e a r s   a f t e r   a  few  m i n u t e s .   S t i r  

m i x t u r e   for   1  hour   and  t h e n   shake  w i t h   d i s t i l l e d  

w a t e r   (10  ml) .   Wash  the   aqueous   l a y e r   s e v e r a l  

t i m e s   w i th   c h l o r o f o r m   and  t hen   l y o p h y l i z e   to  a f f o r d  

the   t i t l e   c o m p o u n d .  

[a]D  +96.8°   ( c = 0 . 2 3 ,   w a t e r ) ;   IR  5 . 6 5  ;  

NMR:6=1.3  (d ,3H,J=6   c p s ) ,   1.82  (m,4H),  3.83  ( d d , l H ,  

J = 1 . 7 ,   7  c p s ) ,   5 .61  ( d , l H , J = 1 . 7   c p s )  



EXAMPLE  12 

( 5 R , 6 S , 8 R , 1 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

A  s o l u t i o n   of  ( 4 R , 3 S , 5 R ) - 3 - ( l - t r i c h l o r o e t h o x y -  

c a r b o n y l o x y e t h y l ) - 4 - ( N - a l l y l o x y c a r b o n y l   n i p e c o t i n y l )  

t h i o - l - [ 2 " - ( a l l y l - 2 " - t r i p h e n y l p h o s p h o r a n y l   a c e t a t e ) ] -  
a z e t i d i n - 2 - o n e   (1.57  g)  in  benzene   (160  ml)  was  
r e f l u x e d   unde r   n i t r o g e n   for   12  days .   The  s o l u t i o n  

was  the   t hen   e v a p o r a t e d   to  d r y n e s s   and  the   r e s i d u e  

was  c h r o m a t o g r a p h e d   on  s i l i c a   gel  (30  g) .   E l u t i o n  
wi th   30%  e t h y l   a c e t a t e  -   hexane   a f f o r d e d   a l l y l  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - t r i c h l o r o e t h o x y c a r b o n y l o x y e t h y l ) -  

2 - ( 3 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l a t e .  

[@]D+103.7°  ( c=2 .2 ,   c h l o r o f o r m ) ;   M.S. :   m/e 596 

NMR:  5=1.49  ( d , J = 6 . 6   c p s ) ,   5.61  ( d , J = 1 . 8   c p s )  

0.27  g  of  a l l y l   ( 5 R , 6 S , 8 F ) - 6 - ( 1 - t r i c h l o r o e t h o x y -  

c a r b o n y l o x y e t h y l ) - 2 - ( 3 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 -  

c a r b o x y l a t e   was  d i s s o l v e d   in  t e t r a h y d r o f u r a n   (3  ml)  

c o n t a i n i n g   g l a c i a l   a c e t i c   ac id   (0.85  ml)  and  w a t e r  

(0.85  ml) .   The  s o l u t i o n   was  c o o l e d   to  -15°C  a n d  

z inc   d u s t   (0 .25  g)  was  added  in  s m a l l   l o t s   d u r i n g  

2  hours   w h i l e   t he   m i x t u r e   was  s t i r r e d   v i g o r o u s l y .  

A f t e r   a  f u r t h e r   30  m i n u t e s   the   m i x t u r e   was  f i l t e r e d ,  

the   f i l t r a t e   was  d i l u t e d   wi th   b r i n e   and  e x t r a c t e d  

w i th   e t h y l   a c e t a t e .   The  e x t r a c t   was  t hen   w a s h e d  

wi th   5%  aqueous   sodium  b i c a r b o n a t e ,   b r i n e ,   d r i e d  

and  e v a p o r a t e d   unde r   r e d u c e d   p r e s s u r e .   The  r e s i d u e  



was  c h r o m a t o g r a p h e d   on  s i l i c a   gel   (2  g) .   E l u t i o n  

w i t h   c h l o r o f o r m   a f f o r d e d   a l l y l   ( 5 R , 6 S , 8 R ) - 6 - ( 1 -  

h y d r o x y e t h y l ) - 2 - ( 3 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 -  

c a r b o x y l a t e .  

[a]D+125°  (c=0.8,  chloroform);  1R=5.60,  5.90µ;  M.S.:  m/e  422 

NMR:  δ=1 .31   ( d , 3 H , J = 6 . 2   c p s ) ,   3.64  (dd,lH,J=6,  1 .8  cps)  

0.06  g  of  a  s o l u t i o n   of  a l l y l   ( 5 R , 6 S , 8 R ) - 6 - ( 1 -  

h y d r o x y e t h y l ) - 2 - ( 3 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y -  
l a t e   in  m e t h y l e n e   c h l o r i d e   (0.6  ml)  c o n t a i n i n g  
t e t r a k i s   ( t r i p h e n y l p h o s p h i n e )   p a l l a d i u m   (0.025  g) 

t r i p h e n y l p h o s p h i n e   (0.04  g)  and  1M  2 - e t h y l h e x y n o i c  
a c i d   in  m e t h y l e n e   c h l o r i d e   (0.32  ml)  was  s t i r r e d  

u n d e r   n i t r o g e n .   A  p r e c i p i t a t e   a p p e a r e d   a f t e r   a  f ew 

m i n u t e s .   The  m i x t u r e   was  s t i r r e d   for   1  hr .   a n d  

t h e n   shaken   wi th   d i s t i l l e d   w a t e r   (10  ml) .   The  

aqueous   l a y e r   was  washed  s e v e r a l   t i m e s   wi th   c h l o r o -  

form  and  then   l y o p h y l i z e d   to  a f f o r d   the   t i t l e   com- 

p o u n d .  

m.p.  172-73°C  ( d e c . ) ;   IR:  5 . 65 ,   6 . 0 8 - 6 . 6 5 ;  

NMR:  δ ( λ ' )   1.20  (d ,3H, J=   c p s ) ,   3 . 7 8 ( d d , l H ,  

J = 1 . 8 ,   6.6  c p s ) ,   5.58  ( d , l H , J = 1 . 8   c p s )  



EXAMPLE  13 

Repeat   P r e p a r a t i o n   O  and  Example  11  u s i n g ,   a s  

s t a r t i n g   m a t e r i a l   in  the   r e p e a t   of  P r e p a r a t i o n  
i n s t e a d   of  N - a l l y l o x y c a r b o n y l   i s o n i p e c o t i c   a c i d ,  

the  f o l l o w i n g :  

(a)  N - a l l y l o x y c a r b o n y l p i p e c o l i n i c   a c i d ;  

(b)  N - a l l y l o x y c a r b o n y l   D - p r o l i n e ;  

to  o b t a i n   r e s p e c t i v e l y  

(a ' )   ( 5 R , 6 S , 8 R , 2 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -  

2 ' - p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c  
ac id   IR:  5 . 6 5 µ ;  

(b ' )   ( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -  

( 2 ' - p y r r o l i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c  
ac id   IR:  5 . 6 5 µ ;  

EXAMPLE  14 

( 5 R , 6 S , 8 R ) - 6 - ( h y d r o x y e t h y l ) - 2 - ( N - a c e t i m i d o y l - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

T r e a t   w i th   e t h y l a c e t i m i d a t e   (0.2  g)  a  s o l u t i o n   o f  

the   t i t l e   compound  of  Example  11  (0 .1  g)  in  w a t e r  

(1  ml)  c o n t a i n i n g   sodium  b i c a r b o n a t e   (0.09  g ) .  



S t i r   t he   s o l u t i o n   for   30  m i n u t e s   and  then   c h r o m a t o -  

g r aph   on  Dowex  50x4.  E l u t e   w i t h   w a t e r ,   then   l y o -  

p h i l i z e   the   e l u a t e s   to  o b t a i n   the   t i t l e   compound .  

IR:  5 . 6 5 µ  

EXAMPLE  15 

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a m i d i n o - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

S t i r   w i t h   S - b e n z y l t h i o u r e a   h y d r o c h l o r i d e   (0.2  g ) ,  

fo r   one  h o u r ,   a  s o l u t i o n   of  the   t i t l e   compound 
of  Example  1 .1  (0 .1   g)  in  w a t e r   (1  ml)  c o n t a i n i n g  
sodium  b i c a r b o n a t e   (0.15  g) .   I s o l a t e   the   t i t l e  

compound  by  r e v e r s e   phase   HPLC 

IR:  5 . 6 5 µ  

F o l l o w i n g   the   p r o c e d u r e s   of  the   f o r e g o i n g   E x a m p l e s  
and  I n t e r m e d i a t e   p r e p a r a t i o n s ,   and  u t i l i z i n g   a s  
i n t e r m e d i a t e   the  c o r r e s p o n d i n g   a z a c y c l o a l k y l   com- 

p o u n d s ,   t he   f o l l o w i n g   compounds  of  f o r m u l a   (XX) 

can  be  m a d e :  













By  way  of  example   the  f o l l o w i n g   t a b l e   g i v e s   mean  m i c  

v a l u e s  ( µ g / m l ) ,   f o r   v a r i o u s   of  the   compounds  d e s c r i b e d  

in  the   above  Examples ,   o b t a i n e d   from  t e s t s   a g a i n s t   a  

v a r i e t y   of  gram+  and  gram-  o r g a n i s m s  



In  the   f o l l o w i n g  E x a m p l e s   16 -20 ,   the   a c t i v e   i n g r e -  
d i e n t   may  be  ( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 -  

[ ( l ' - a m i n o - 3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y -  
l i c   a c i d   ( 5 R , 6 S , 8 R , l ' R ) - 6 - ( l - h y d r o x y e t h y l ) - 2 -  

[ ( 1 ' - a m i n o - 3 ' - c a r b o x y ) - p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c  

a c i d ,   ( 5 R , 6 S , 8 R , 3 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - a m i n o -  

3 ' - c a r b o x y - p r o p y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   ac id   or  a n  

e q u i v a l e n t   amount  of  any  of  the   o t h e r   compounds  o f  

t h i s   i n v e n t i o n .  

EXAMPLE  16 

Method  of  M a n u f a c t u r e  

Mix  I tems  Nos.  1,  2,  3  and  4  in  a  s u i t a b l e   m i x e r  
fo r   10-15  m i n u t e s .   Add  I tem  No.  5  and  mix  for   1 - 3  

m i n u t e s .   F i l l   the  m i x t u r e   i n t o   s u i t a b l e   t w o - p i e c e  
ha rd   g e l a t i n   c a p s u l e s   u s i n g   an  e n c a p s u l a t i n g  
m a c h i n e .  



EXAMPLE  17 

Method  of  M a n u f a c t u r e  

Mix  I tem  Nos.  1  and  2  in  a  s u i t a b l e   mixer   for   1 0 -  

l5  m i n u t e s .   G r a n u l a t e   the  m i x t u r e   wi th   Item  N o .  3 .  

Pass  the  wet  g r a n u l a t i o n   t h r o u g h   a  c o a r s e   s c r e e n  
( e . g . ,   1 / 4 " )   i f   n e e d e d ,   and  dry  the  wet  g r a n u l e s .  
Mil l  the  d r i e d   g r a n u l e s .   Combine  Item  No .  4   a n d  

the  d r i e d   g r a n u l e s   and  mix  for   10-15  m i n u t e s .  
Add  Item  No.  5  and  mix  for   1-3  m i n u t e s .   C o m p r e s s  
the  m i x t u r e   to  a p p r o p r i a t e   s i z e   and  w e i g h t   on  a  
s u i t a b l e   t a b l e t   m a c h i n e .  

EXAMPLE  18 

Add  s t e r i l e   w a t e r   fo r   i n j e c t i o n   or  b a c t e r i o s t a t i c  
w a t e r   fo r   i n j e c t i o n   for   r e c o n s t i t u t i o n .  



EXAMPLE  19 

Method  of  M a n u f a c t u r e  

1.  D i s s o l v e   the  p a r a b e n s   in  a  p o r t i o n   (85%  of  t h e  
f i n a l   volume)  of  the  w a t e r   for   i n j e c t i o n   a t  
65 -70°   C.  

2.  Cool  to  25-35°  C.  Charge  and  d i s s o l v e   t h e  

sodium  b i s u l f i t e ,   d i s o d i u m   e d e t a t e   and  s o d i u m  

s u l f a t e .  

3.  Charge   and  d i s s o l v e   the  a c t i v e   i n g r e d i e n t .  

4.  Br ing   the  s o l u t i o n   to  f i n a l   volume  by  a d d i n g  
w a t e r   for   i n j e c t i o n .  

5.  F i l t e r   the  s o l u t i o n   t h r o u g h   0 .22µ   membrane  a n d  
f i l l   i n t o   a p p r o p r i a t e   c o n t a i n e r s .  

6.  T e r m i n a l l y   s t e r i l i z e   the  u n i t s   by  a u t o c l a v i n g . .  



EXAMPLE  20 

pH  is  a d j u s t e d   to  6.2  u s i n g   0.1N  c i t r i c   a c i d  
s o l u t i o n .  

Add  s t e r i l e   w a t e r   fo r   i n j e c t i o n   or  b a c t e r i o s t a t i c  

w a t e r   for   i n j e c t i o n   for   r e c o n s t i t u t i o n .  



( A p p l i c a b l e   to  a l l   C o u n t r i e s   o t h e r   than   A u s t r i a )  

1.  A  compound  hav ing   the  f o r m u l a   I  

in  which   R  is  h y d r o x y l o w e r a l k y l ,   a n d  

X i s   ( i )  ( a )  o r  

in  which   n  is  0  to  4 ,  

Q  is  -NR1R2  o r  in  which  R1  and  R2  are  i n d e -  

p e n d e n t l y   chosen   from  h y d r o g e n ,   l o w e r a l k y l ,   l o w e r a l k e n y l ,  

h e t e r o a r y l ,   p h e n y l ,   p h e n y l   s u b s t i t u t e d   by  one  or  m o r e  

g roups   c h o s e n   from  c h l o r o ,   bromo,  f l u o r o ,   l o w e r a l k y l ,  

h y d r o x y ,   n i t r o ,   amino,   a m i n o m e t h y l ,   m o n o - l o w e r a l k y l a m i n o ,  



d i - l o w e r a l k y l a m i n o ,   l o w e r a l k o x y ,   and  c a r b o x y ,   or  R1  i s  

hyd rogen   and  R2  is  a c y l ;  

W  is  chosen   from  h y d r o g e n ,   l o w e r a l k y l   and  amino;  a n d  

Z  is  chosen   from  h y d r o g e n ,   4 - i m i d a z o l y l ,   3 - i n d o l y l ,  

p h e n y l ,   p - h y d r o x y p h e n y l ,   b r a n c h e d   lower   a l k y l ,   -COOR1,  -OR1, 

-NR1R2  or  -SR1,  w h e r e i n   R1  and  R2  are  as  d e f i n e d   above;   or  X  i s  

in  w h i c h  p   is  2  to  6 ,  

r  i s   0,  1,  2  or  3 ,  

R3  is  h y d r o g e n ,   l o w e r a l k y l ,   amid ino   o r  in  w h i c h  

R4  is  h y d r o g e n ,   or  CI-C3  a l k y l ,   a n d  

G  is  h y d r o g e n ,   l o w e r a l k y l ,   l o w e r a l k o x y ,   amino,   h y d r o x y ,  

c a rhoxy   or  l o w e r a l k l l t h i o ;  

and  the   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   a n d  

m e t a b o l i s a b l e   e s t e r s   t h e r e o f .  

2.  A  compound  a c c o r d i n g   to  c l a i m   1,  in  which   R  i s  

1 - h y d r o x y e t h y l .  



3.  A  compound  a c c o r d i n g   to  c l a im  1  ( i ) ( a )   h a v i n g   t h e  

f o r m u l a   I I ( a )  

in  w h i c h  n   is  as  d e f i n e d   in  c l a im   1,  and  the  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  m e t a b o l i s a b l e   e s t e r s  

t h e r e o f .  

4.  A  compound  a c c o r d i n g  t o   c l a im   l ( i ) ( b )   h a v i n g   t h e  

f o r m u l a   I I I  

in  which  n  is  as  d e f i n e d   in  c l a im   1  and  Z  is  c h o s e n  

from  h y d r o g e n ,   c a r b o x y ,   h y d r o x y ,   l o w e r a l k y l t h i o ,   a n d  

the   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  e s t e r s  

t h e r e o f .  



5.  A  compound  a c c o r d i n g   to  c l a i m   1  ( i i )   in  w h i c h  

r  +  p  is  4,  G  is  hyd rogen   or  m e t h y l ,   and  R 3  i s   h y d r o g e n ,  

a c e t i m i d o y l   or  amid ino   and  the  p h a r m a c e u t i c a l l y   a c c e p t -  

ab le   s a l t s   and  m e t a b o l i s e d   e s t e r s   t h e r e o f .  

6.  A  compound  a c c o r d i n g   to  c l a im   3,  n a m e l y  

(5R,6S,8R  1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 1 ' - a m i n o - 1 ' - c a r b o x y )  

e t h y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - a m i n o - 2 ` -  

c a r b o x y ) e t h y l - 3 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 4 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - a m i n o - 3 ' -  

c a r b o x y ) p r o p y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,   and  t h e  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  m e t a b o l i s a b l e  

e s t e r s   t h e r e o f .  

7.  A  compound  a c c o r d i n g   to  c l a i m   4,  n a m e l y  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' -  

c a r b o x y ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' -  

m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 2 ' -  

m e t h y l t h i o ) e t h y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 1 ' , 5 ' - d i a m i n o -  

p e n t y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 [ ( 1 ' - a c e t i m i d o y l -  

3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  



( 5 R , 6 S , 8 R , 1 ' R ) - 5 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - g u a n i d o y l -  

3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   a n d  

m e t a b o l i s a b l e   e s t e r s   t h e r e o f .  

8.  A  compound  as  d e f i n e d   in  c l a im  1  ( i i ) ,   n a m e l y  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' - p i p e r i d i n y l ) - 2 -  

p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - p i p e r i d i n y l ) - 2 -  

p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p i p e r i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p i p e r i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p y r r o l i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a c e t i m i d o y l - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a m i d i n o - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

and  the  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   and  e s t e r s  

t h e r e o f .  



9.  A  p h a r m a c e u t i c a l   c o m p o s i t i o n   c o m p r i s i n g   a  compound 

as  d e f i n e d   in  a n y  o n e   of  the  p r e c e d i n g   c l a i m s ,   i n  

a d m i x t u r e   w i t h   a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r  

or  e x c i p i e n t .  

10.  A  p r o c e s s   fo r   the   p r e p a r a t i o n   of  a  compound  o f  

f o r m u l a   I  as  d e f i n e d   in  c l a im  1,  s a i d   p r o c e s s   b e i n g  

c h a r a c t e r i z e d   b y :  

A).  i n t r a m o l e c u l a r   c y c l i s a t i o n   of  a  compound  o f  

f o rmu la   IV 

in  wh ich  R   is   as  d e f i n e d   in  c l a im  1,  R10  i s   oxygen  o r  
s u l p h u r ,   Pg  is   a  c a r b o x y   p r o t e c t i n g   g roup ,   X'  r e p r e s e n t s  



in  which  Ri  and  R2  r e p r e s e n t   r e s p e c t i v e l y   R1  and  R2  a s  
d e f i n e d   above  e x c e p t   t h a t   they   canno t   s i m u l t a n e o u s l y  

r e p r e s e n t   hyd rogen   or  Ri  c o r r e s p o n d s   to  R1  as  d e f i n e d  

above  and  R2  is  an  amino  p r o t e c t i n g   g roup ,   Pg"'   is   a  

c a r b o x y   p r o t e c t i n g   group  and  any  f u n c t i o n a l   group  in  Z 
is  p r o t e c t e d   of  n e c e s s a r y   or  d e s i r e d ;   o r  

in  which   R3  is  l o w e r a l k y l   or  an  amino  p r o t e c t i n g   g r o u p  
and  any  f u n c t i o n a l   group  in  G  is  p r o t e c t e d   i f   n e c e s s a r y  

or  d e s i r e d ,   any  o t h e r   f u n c t i o n a l   g roups   are   p r o t e c t e d  

i f   n e c e s s a r y   or  d e s i r e d   and  Y  is  a  p h o s p h o n i o   g r o u p  

b e i n g   double   bonded  to  the  a d j a c e n t   ca rbon   atom  or  a  

p h o s p h o n a t o   group  w i th   a  s i n g l e   bond  to  the  a d j a c e n t  

c a r b o n   atom  the  n e g a t i v e   c h a r g e   of  which  is  c o m p e n s a t e d  

by  the   p r e s e n c e   of  a  c a t i o n ;   o r  



B).  r e a c t i n g   a  compound   of  f o rmu la   I V '  

in  which  R,  Xi  R10  and  Pg  are  as  d e f i n e d   above ,   w i t h  

a  t r i v a l e n t   o r g a n o p h o s p h o r u s   compound:  

f o l l o w e d   by  remova l   of  any  p r o t e c t i n g   g roups   b e f o r e   o r  

a f t e r   any  n e c e s s a r y   or  d e s i r e d   s e p a r a t i o n   of  s t e r e o -  

i s o m e r s   i f   a  m i x t u r e   of  s t e r e o i s o m e r s   was  s u b j e c t e d   t o  

c y c l i s a t i o n ,   and  i f   n e c e s s a r y   or  d e s i r e d   s u b j e c t i n g   t h e  

r e s u l t i n g   compound  to  one  or  m o r e   of  the   f o l l o w i n g  

o p e r a t i o n s :  

(i)  c o n v e r t i n g   a  f r e e   ac id   group  to  a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o l i -  

s a b l e   e s t e r   g r o u p ;  

( i i )   c o n v e r t i n g   a  s a l t   to  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   m e t a b o l i s a b l e   e s t e r   or  f r e e  

a c i d ;  

( i i i )   i n t r o d u c i n g   the  g r o u p i n g  i n t o   a n  

amine  g roup   r e p r e s e n t e d   by  Q; 

(iv)  r e p l a c i n g   the  s u b s t i t u e n t   R3  when  i t   r e -  

p r e s e n t s   h y d r o g e n   by  a m i d i n e   or  the   g r o u p  



(v)  s e p a r a t i o n   of  a  m i x t u r e   of  e n a n t i o m e r s .  



CLAIMS 

( a p p l i c a b l e   only   to  A u s t r i a )  

1.  A  p r o c e s s   fo r   the  p r e p a r a t i o n   of  a  compound  o f  
f o r m u l a   I  

in  wh ich   R  is  h y d r o x y l o w e r a l k y l ,   a n d  

X  is  ( i )   (a )  o r  

in  w h i c h  n   is   0  to   4 ,  

Q  is  -NR1R2  o r  in  w h i c h  R 1   and  R2  a r e   i n d e -  

p e n d e n t l y   c h o s e n   from  h y d r o g e n ,   l o w e r a l k y l ,   l o w e r a l k e n y l ,  

h e t e r o a r y l ,   p h e n y l ,   p h e n y l   s u b s t i t u t e d   by  one  or  m o r e  

g r o u p s   c h o s e n   from  c h l o r o ,   bromo,  f l u o r o ,   l o w e r a l k y l ,  

h y d r o x y ,   n i t r o ,   amino ,   a m i n o m e t h y l ,   m o n o - l o w e r a l k y l a m i n o ,  



d i - l o w e r a l k y l a m i n o ,   l o w e r a l k o x y ,   and  c a r b o x y ,   or  R1  i s  

h y d r o g e n   and  R2  is  a c y l ;  

W  is  c h o s e n   from  h y d r o g e n ,   l o w e r a l k y l   and  amino;   a n d  

Z  is  c h o s e n   from  h y d r o g e n ,   4 - i m i d a z o l y l ,   3 - i n d o l y l ,  

p h e n y l ,   p - h y d r o x y p h e n y l ,   b r a n c h e d   l o w e r   a l k y l ,   -COOR1,  -OR1, 
-NR1R2  or  -SR1,  w h e r e i n   R1  and  R2  are   as  d e f i n e d   above;   or  X  i s  

in  w h i c h  p   is  2  to  6 ,  

r  i s   0,  1,  2  or  3 ,  

R3  is  h y d r o g e n ,   l o w e r a l k y l ,   amid ino   o r  in  w h i c h  

R4  i s  h y d r o g e n ,   or  C1-C3  a l k y l ,   a n d  

G  is  h y d r o g e n ,   l o w e r a l k y l ,   l o w e r a l k o x y ,   amino ,   h y d r o x y ,  

c a r b o x y   or  l o w e r a l k y l t h i o ;  

and  the   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   a n d  

m e t a b o l i s a b l e   e s t e r s   t h e r e o f ,  

s a id   p r o c e s s   b e i n g   c h a r a c t e r i z e d   b y :  



A).  i n t r a m o l e c u l a r   c y c l i s a t i o n   of  a  compound  o f  

f o r m u l a   I V  

in  w h i c h   R  i s   as  d e f i n e d   above,   R10  i s   oxygen  o r  

s u l p h u r ,   Pg  i s   a  c a r b o x y   p r o t e c t i n g   g r o u p ,   X'  r e p r e s e n t s  



in  which  Ri  and  R2  r e p r e s e n t   r e s p e c t i v e l y   R 1  a n d   R2  a s  

d e f i n e d   above  e x c e p t   t h a t   t hey   cannot   s i m u l t a n e o u s l y  

r e p r e s e n t   h y d r o g e n   or  R1  c o r r e s p o n d s   to  R1  as  d e f i n e d  

above   and  R2  is   an  amino  p r o t e c t i n g   g roup ,   Pg" '   is   a  

c a r b o x y   p r o t e c t i n g   g r o u p   and  any  f u n c t i o n a l   g roup   in  Z 

is   p r o t e c t e d  o f   n e c e s s a r y   or  d e s i r e d ;   o r  

in  which  R3  is  l o w e r a l k y l   or  a n  a m i n o   p r o t e c t i n g   g r o u p  

and  any  f u n c t i o n a l   g r o u p   in  G  is  p r o t e c t e d   i f   n e c e s s a r y  

or  d e s i r e d ,   any  o t h e r   f u n c t i o n a l   g roups   are  p r o t e c t e d  

i f   n e c e s s a r y   or  d e s i r e d   and  Y  is  a  p h o s p h o n i o   g r o u p  

b e i n g   double   bonded   to  the   a d j a c e n t   ca rbon   atom  or  a  

p h o s p h o n a t o   group  w i t h   a  s i n g l e   bond  to  the  a d j a c e n t  

c a r b o n   atom  the  n e g a t i v e   c h a r g e   of  which  is  c o m p e n s a t e d  

by  the   p r e s e n c e   of  a  c a t i o n ;   o r  



B).  r e a c t i n g   a  compound  of  f o r m u l a   I V '  

in  which   R,  Xi  R10  and  Pg  are  as  d e f i n e d   a b o v e ,   w i t h  

a  t r i v a l e n t   o r g a n o p h o s p h o r u s   compound ;  

f o l l o w e d   b y  r e m o v a l   of  any  p r o t e c t i n g   g r o u p s   b e f o r e   o r  

a f t e r   any  n e c e s s a r y   or  d e s i r e d   s e p a r a t i o n   of  s t e r e o -  

i s o m e r s   i f   a  m i x t u r e   of  s t e r e o i s o m e r s   was  s u b j e c t e d   t o  

c y c l i s a t i o n ,   and  i f   n e c e s s a r y   or  d e s i r e d   s u b j e c t i n g   t h e  

r e s u l t i n g   compound  to  one  or  more  of  t he   f o l l o w i n g  

o p e r a t i o n s :  

(i)  c o n v e r t i n g   a  f r e e   a c i d   g r o u p   to  a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o l i -  

s a b l e   e s t e r   g r o u p ;  

( i i )   c o n v e r t i n g   a  s a l t   to  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   m e t a b o l i s a b l e   e s t e r   or  f r e e  

a c i d ;  

( i i i )   i n t r o d u c i n g   the  g r o u p i n g  i n t o   a n  

amine   g roup   r e p r e s e n t e d   by  Q; 

(iv)  r e p l a c i n g   the  s u b s t i t u e n t   R3  when  i t   r e -  

p r e s e n t s   hyd rogen   by  a m i d i n e   or  t he   g r o u p  



(v)  s e p a r a t i o n   of  a  m i x t u r e   of  e n a n t i o m e r s .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  in  which  a  compound  
o f  f o r m u l a   I  in  which  R  is   1 - h y d r o x y e t h y l   is  o b t a i n e d .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  in  which  is  o b t a i n e d  

a  compound  h a v i n g   the   f o r m u l a   I I ( a )  

in  which  n  is   as  d e f i n e d   in  c l a im  1,  or  a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o l i s a b l e   e s t e r  

t h e r e o f .  



4.  A  p r o c e s s   a c c o r d i n g   to  c l a im  1  in  which   is   o b t a i n e d  

a  compound  h a v i n g   the   f o r m u l a   I I I  

in  w h i c h   n  is  as  d e f i n e d   in  c l a i m   1  and  Z  is  c h o s e n  

from  h y d r o g e n ,   c a r b o x y ,   h y d r o x y ,   l o w e r a l k y l t h i o ,  

or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o -  

l i s a b l e   e s t e r   t h e r e o f .  

5.  A  p r o c e s s   a c c o r d i n g   to  c la im  1  in  which  i s  

o b t a i n e d   a  compound  of  f o rmu la   I  ( i i )   in  w h i c h  

r  +  p  i s   4,  G  is  h y d r o g e n   or  m e t h y l ,   and  R3  is  h y d r o g e n ,  

a c e t i m i d o y l   or  a m i d i n o   and  the   p h a r m a c e u t i c a l l y   a c c e p t -  

a b l e   s a l t s   and  m e t a b o l i s e d   e s t e r s   t h e r e o f .  



6.  A  p r o c e s s   a c c o r d i n g   to  c l a im   3, in  which  is  o b t a i n e d  

( 5 R , 6 S , 8 R   1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 1 ' - a m i n o - 1 ' - c a r b o x y )  

e t h y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - a m i n o - 2 ' -  

c a r b o x y ) e t h y l - 3 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 4 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - a m i n o - 3 ' -  

c a r b o x y ) p r o p y l - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,   or  a  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o l i s a b l e  

e s t e r   t h e r e o f .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4, in  which  is  o b t a i n e d  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' -  

c a r b o x y ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( S R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 3 ' -  

m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - [ ( 1 ' - a m i n o - 2 ' -  

m e t h y l t h i o ) e t h y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 1 ' , 5 ' - d i a m i n o -  

p e n t y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 [ ( 1 ' - a c e t i m i d o y l -  

3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  



( 5 R , 6 S , 8 R , 1 ' R ) - 6 - ( 1 - h y d r o x g e t h y l ) - 2 - [ ( 1 ' - g u a n i d o y l -  

3 ' - m e t h y l t h i o ) p r o p y l ] - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d  

or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   o r  

m e t a b o l i s a b l e   e s t e r   t h e r e o f .  

8.  A  p r o c e s s   as  d e f i n e d   in  c l a im  1,  in  which  is  o b t a i n e d  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 4 ' - p i p e r i d i n y l ) - 2 -  

p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 3 ' - p i p e r i d i n y l ) - 2 -  

p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p i p e r i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 ' R S ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( 2 ' - p i p e r i d i n y l ) -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R , 2 '  R)  -6 -   ( 1 - h y d r o x y e t h y l )  - 2 -   ( 2 ' - p y r r o l  i d i  n y l -  

2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a c e t i m i d o y l - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

( 5 R , 6 S , 8 R ) - 6 - ( 1 - h y d r o x y e t h y l ) - 2 - ( N - a m i d i n o - 4 ' -  

p i p e r i d i n y l ) - 2 - p e n e m - 3 - c a r b o x y l i c   a c i d ,  

or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   or  m e t a b o -  

l i s a b l e   e s t e r   t h e r e o f .  



9.  A  p r o c e s s   fo r   p r e p a r i n g   a  p h a r m a c e u t i c a l   c o m p o s i t i o n  

c o m p r i s i n g   mixing   a  compound  of  f o r m u l a   I  as  d e f i n e d  

in  a n y  o n e   of  the  p r e c e d i n g   c l a i m s ,   wi th   a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   or  e x c i p i e n t .  

10.  A  p r o c e s s   for   p r e p a r i n g   a  p h a r m a c e u t i c a l   c o m p o s i t i o n  

c o m p r i s i n g   mix ing   a  compound  of  f o r m u l a   I  as  d e f i n e d  

in  any  of  the  c l a i m s   1  to  8,  when  o b t a i n e d   by  t h e  

p r o c e s s   of  any  of  c l a i m s   1  to  8,  wi th   a  p h a r m a c e u -  

t i c a l l y   a c c e p t a b l e   c a r r i e r   or  e x c i p i e n t .  
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